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MANY IMPORTANT RARITIES. 

Ten months were spent by our collector in visiting the principal mineral collec- 
tions and several of the most important localities. A large number of historical 
specimens were thus secured, which cannot be duplicated even by the mos 
tempting exchanges that can be personally offered. But few good minerals are 
now coming from the mines of the peninsula, and the high values placed upon 


' examples of the old tinds are steadily rising. The following are all good typical 
examples of their kind, extra choice crystallizations being especially noted. 


PIEDMONT 
Piedmontite, Violan, Diopside, Idocrase, large Hessonite crystals of unusually 


fine quality. 
BAVENO 
(At lower prices than foreign collectors pay at the quarries.) 
Bavenite, a very rare new species, Babingtonite, rare, Orthoclase in Baveno. 
and Manebach twins, Fluorite. 
CARRERA 


Limpid Rock Crystal on Marble. E 

PORRETTA 

_ A large assortment of the well known cavernous Quartz Crystals, many showing . 
moving bubbles, Calcite in neat groups of primitive rhombs, 


ELBA 
A large lot of Tourmaline crystals including excellent terminations. Red, 
green and white. A few vari-colored. Cookeite, Ilvaite, Pollucite. We maintain 
the old scale of prices on this consignment in spite of a great advance in Italy. 


BELLISIO SOLFARE 
Sulphur in brilliant transparent crystals of different types from the Sicilian 
and of finer quality. Selenite, perfectly limpid and flawless crystals of unrivalled 
lustre, offering the most highly prized specimens of this mineral known. Grouped 
with the Sulphur and isolated. A-remarkably beautiful but rare occurrence. 


CAPO DI BOVE 
Nephelite in groups of sharply defined hexagons. Gismondite crystals of 
characteristic habits. Breislakite, Hauynite. 


MONTE SOMMA 

“What's in a name” is answered for the mineralogist in the following list. 
Of some of them we obtained but one specimen, and at the best got but a sadly 
limited supply. All are old and quite a number are of the original meagre find 
from which Prof. Scacchi made the descriptions :— 


‘Granuline Neochrysolite Melanothallite 

Neociano Nocerite Sodalite, well crystallized 
Euchlorite Aphthitalite, fine crystals Thermonatrite 
Humbolatilite Belonesite with Humite 

Cuspidine Cryphiolite Hydrodolomite 

Meionite, large xls Séméline - Hydrccyanite 
Erythrocalcite Facellite, fine group of 

Dolerophanite crystals 


Illustrated Collection Catalog Free. 


The Largest and Most Complete Stock of Scientific and Educational Minerals 
in the World. Highest Awards at Nine Expositions. 


MINERAL Co., 


FORMERLY DR. A. E, FOOTE, 


PHILADELPHIA, PARIS, 
1317 Arch Street. 24 Rue du Champ de Mars. 
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Art. XX.—The Relationships of some American and Old 
World Birches ; by M. L. Ferwatp. (With Plates V-VI.) 


[Contributions from the Gray Herbarium of Harvard University, New 
Series, No, xxiii.] 


A RECENT attempt satisfactorily to identify some birches 
from the alpine summits of New England has made it neces- 
sary to study in detail certain —_ of the Old World. In 
this detailed study so many well-known European and Asian 
forms have been found identical with trees and shrubs of 
America which have ordinarily passed as endemic, that the fol- 
lowing notes are offered as a partial solution of the difticulties 
which have long surrounded the species of Betula. The 
writer has been specially fortunate in having constant access 
to a large suite of specimens in the Gray Herbarium which 
were examined and labelled by Regel in the preparation of his 
monograph on the Betulaceee in DeCandolle’s Prodromus.* 
The material in the United States National Herbarium and in 
the Herbarium of the Geological Survey Department of Can- 
ada has been generously loaned by Messrs. F. V. Coville and 
J. M. Macoun, the collections of the Arnold Arboretum have 
been placed at his disposal, and valuable specimens and notes 
on northwestern forms have been freely furnished by Profes- 
sors L. F. Henderson and C. V. Piper. Thus it has been 
possible to examine a very complete representation of the 
genus. 

The birches are trees of boreal range. Unknown in the 
southern hemisphere and the tropics, they abound throughout 
the northern and mountainous sections of North America, 
Europe and Asia, reaching a more extreme northern range on 
both continents than any other trees.t+ By Regel and other 

* Regel in DC. Prodr., xvi, part 2 (1864), 161-189. 


+ See F. A. Michaux, Hist. des Arb., ii, 129, and Sylva, ii, 47; Sargent, 
Silva, ix, 46; Rehder in Bailey, Cye. Am. Hort., i, 158. 
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early students of the group various European and American 
species were considered essentially identical ; but among recent 
authors there has been an increasing tendency to regard nearly 
all American forms as endemic, oat to maintain as organically 
distinct trees growing, for instance, on the American and 
the Asian sides of Behring Sea. 

That there is not only.a strong similarity, but a marked pro- 
portion of identity, in the herbaceous floras of the cireumboreal 
regions has long been recognized ; and, although the tendency 
to ignore this almost axiomatic truth has been conspicuous in 
the work of certain American as well as European botanists, the 
increasing evidence of its validity has forced itself upon the 
attention of others. This similarity in the boreal floras of the 
eastern and western hemispheres was very emphatically pointed 
out by Sir Joseph Hooker in his discussion of the Distribution 
of Arctic Plants.* Although our knowledge of the distribution 
and relationships of plants has very greatly increased since 
Hooker’s tabulation was made, his outlines still furnish an 
approximately accurate basis for generalizations. If we con- 
sider the boreal distribution of some well-known northern 
genera whose species were then clearly interpreted, we shall 
find that of the 61 Arctic species 4 Carex recognized by 
Francis Boott, 58 extend southward into temperate Renken, 51 
into temperate America, and 43 into temperate Asia; of the 
16 Arctic Junci recognized by Hooker all 16 extend into 
temperate Europe, 15 into temperate America, and 14 into 
temperate Asia; of Hooker’s 24 Arctic species of eng ay 
19 extend into temperate America, 17 into temperate Europe, 
and 14 into temperate Asia. This estimate is altered from 
that of Hooker only in so far as recent data has been immedi- 
ately accessible to the writer; but it does not, of course, take 
into account such well-known species as Carex riparia, C. 
Pseudo- Cyperus, Juncus tenuis, ete., which occur in temperate 
regions of both hemispheres, though not within the Arctic 
Circle, but which, if counted, would increase the number of 
identical species in the eastern and western hemispheres. 

Toward the warmer regions of each continent the number 
of identical plants rapidly diminishes, and the proportion of 
endemic species becomes very great. But in view of the 
marked similarity of the herbaceous vegetation of northern 
Europe, Asia and North America, it seems only logical to ex- 
pect a notable proportion of identities between the trees and 
shrubs of boreal range, especially when, as in Betula and Salix, , 
several species extend nearly or quite to the northern limits of 

* J. D. Hooker, Trans. Linn. Soc., xxiii, pt. 2, 251-358; see also Gray, 


Mem. Am. Acad., n. s., vi, 377-449, and extract ‘‘Flora of Japan,” in Sci. 
Pap. of A. Gray, selected by C. S. Sargent, ii, 124-141. 
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vegetation and are rapidly spread by means of their thin- 
winged or hairy fruit. In fact, this relation of the Alaskan 
willows to those of the Old World is brought out by Mr. F. V. 
Coville in his scholarly monograph on the Willows of Alaska,* 
in which he recognizes 23 species, 2 of them cireumpolar in dis- 
tribution, and 9 others occurring in Siberia. That is, of the 
23 willows recognized by Mr. Coville in Alaska, only 12, or 
scarcely more than one-half, are endemic North American 
species. A similar detailed study of northeastern Sa/ices will, 
it seems to the writer, likewise show a closer relationship be- 
tween certain other American and Old World forms than has 
been generally recognized. 

The examination of the birches by the writer has led to the 
uniting of some well-known American and Old World trees 
and shrubs. The conclusions reached in his studies, and cer- 
tain details of the studies themselves, may best be presented 
by discussing separately the species which have been specially 
examined. 


§$Albze. Trees or shrubs: the wing two or three times as 
wide as the achene ; rarely only a little broader. 


BeETULA ALBA. 


The original Betula alba of Linneeust seems to have em- 
braced both the common white birches of northern and central 
Europe. In 1788, however, Roth distinguished the two trees : 
“ Betula alba. B. foliis ovato-acuminatis inciso-serratis, scabris, 
ramis erectis strictis” ; and “ Betula pendula. B. foliis ovato- 
acuminatis inciso-serratis glabris, ramis flaccidis pendulis.”’t 
This separation of the two trees by Roth has been very gen- 
erally ignored by recent European authors, nevertheless, and 
the species with pubescent (“scabrous”) leaves and upright 
branches, the true Betula alba as interpreted by Roth, is uni- 
versally known abroad as B. pubescens, Ehrh.,§ while the 
smooth-leaved species with pendulous branches, the Betula 
pendula, Roth., is ordinarily known by its later name, B. ver- 
rucosa, Ehrh. 

By some authors, as Prantl| and Guerke,™ these two white 
aden are treated as distinct species, while by others the 

entire group is regarded as a polymorphous species with many 
subspecies and varieties. Rehder, in Bailey’s Cyclopedia of 
. American Horticulture, disposes of the forms in this way, 

* Proc. Wash. Acad. Sci., iii, 297-362 (1901). + Sp., ii, 982 (1758). 

¢ Roth, Fl. Germ., i, 404, 405 (1788). § Beitr., v, 160, vi, 98 (1790-91). 

| Prantl in Engler & Prantl, Nat. Pflanzenf., iii, pt. 1, 45. 

“] Pl. Eur., ii, 47, 48. 
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recognizing Betula alba, with the two subspecies, B. pendula, 
Roth (B. verrucosa, Ehrh.), and B. pubescens, Ehrh., each with 
numerous marked variations. Mr. Rehder, however, keeps 
separate from the Old World B. alba the American B. papy- 
rifera and B. occidentalis. 

The most conservative treatment of the group was, in some 
particulars, that of Regel in DeCandolle’s Prodromus, though 
many of his varieties have proved of little value. There Regel 
recognized two species of white birches (his section Alda), 
Betula alba, L., and B. microphylla, Bunge. B&B. alba, how- 
ever, he divided into nine subspecies : 


verrucosa, with numerous varieties, from Europe, Asia 
and America ; 

populifolia, a well-known strictly American tree ; 

mandshwrica, a local Asian tree ; 

latifolia, with varieties, from central and northern Asia to 
Japan and Kamtschatka ; 

occidentalis, with varieties, from North America ; 

papyrifera, with varieties, from North America and 
Siberia ; 

pubescens, with varieties, from Europe, Asia and North 
America ; 

tortuosa, from northern Europe and Siberia ; 

excelsa, a doubtful form referred to by earlier authors. 


Thus it is clear that Regel, the most devoted student of the 
birches, found it impossible to distinguish as clear species the 
diverse trees and shrubs which pass as white or canoe birches. 

The recently accumulated material shows that Regel’s course 
was se the most philosophic of any which has been pro- 
posed. Yet the primary characters of the trees, first clearly 
distinguished by Roth, are generally so constant that it seems 
better to the writer to recognize as species, i.e., as centers of 
variation, the two forms designated by him. These were the 
true Betula alba, with mostly stiff and ascending branches, 
the young branchlets puberulent or pubescent and the ovate 
often doubly serrate leaves more or less pubescent beneath, at 
least when young; and B. pendula, with more flexuous 
branches, the branehlets glabrous or verrucose with resiniferous 
atoms, and the deltoid or rhombic-ovate often simply serrate 
leaves glabrous, and more or less glutinous at least when young. 
These two trees in their characteristic forms are now very well 
understood abroad, though some of their reduced forms present 
perplexing problems. But since the days of Regel the Amer- 
ican trees have been very generally regarded as endemic species, 
and it is to the discussion of this question that special atten- 


tion is here directed. 
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Betula alba (as interpreted by Roth). 


As already stated, Betula alba, L. (as interpreted by Roth) 
has passed in Europe as B. pubescens, and under this latter 
name it is ordinarily distinguished from 2B. pendula, Roth 
(B. verrucosa, Ehrh.). The species is generally recognized as 
occurring through northern and central Europe and across 
Asia, and by Regel and his followers it was regarded as like- 
wise American, though by recent authors it has been excluded 
from our flora. The typical form of &. alba is the large 
White Birch of northern Europe, with ascending branchilets, 
puberulent or hairy twigs, and ovate or rhombic-ovate leaves 
more or less pubescent beneath, especially when young. 

The representative of this tree in America is our common 
Paper or Canoe Birch, Betula papyrifera, Marsh.* (B. papy- 
racea, Ait.+), which was discussed in detail by Michaux in his 
Sylva.t There Michaux wrote at such length as “ will not be 
deemed superfluous by persons who justly appreciate the im- 
—— of precise ideas on subjects like the rm of the 

anoe Birch (B. papyracea), the European White Birch (2. 
alba, including, at least in the illustration, B. pendula, Roth), 
and the American White or Old Field Birch (2B. populifolia). 

Michaux’s plate of Betula papyracea is of a northern form 
very closely approaching var. cordifolia, Regel; and in com- 
menting upon this tree he said “the bark is of a brilliant 
white, like that of the White Birch of Sweden, and, like that 
too, it is almost indestructible. ..... This bark, like that of 
the European species, is devoted to many uses,” which are 
very fully enumerated. In his discussion of the European 
B. alba he said, “ The trunk and limbs of the large trees are 
covered with a thick bark, whose epidermis is white and _per- 
fectly similar to that of the White Birch [B. populifolia) and 
the Canoe Birch [B. papyracea|. The small branches like- 
wise resemble those of the species just mentioned [ 2B. papy- 
racea|, being slender, flexible, and of a brown color spotted 
with white.” He then discussed the uses of the European 
White Birch, concluding his remarks with: “Such are the 
principal uses of the European Birch, all the valuable proper- 
ties of which are completely united in the Canoe Birch of 
North America.” In his discussion of B. populifolia, Michaux 
further said: “The trunk of this species is clad in a bark of 
as pure white as that of the Canoe Birch and of the European 
Birch; but its epidermis, when separated from the cellular 
tissue, is incapable of being divided, like that of the two pre- 
ceding species, into thin sheets; which constitutes an essential 


* Arbust. Am., 19 (1785). + Hort. Kew, iii, 337 (1789). 
t Michaux, Sylva, ii, 50-57. 
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difference.” And in his summary of characteristics, he said: 
“The White Birch of Europe and the Canoe Birch resemble 
each other in their wood, their bark, and their ample propor- 
tions, which are perhaps superior in the American species. 
They differ in the form of their leaves, and they grow on ver 
different soils: the Canoe Birch is exclusively attached to ric 
lands constantly cool, and capable of yielding an abundant har- 
vest of corn or of clover, and it propagates itself naturally only 
in that part of North America which corresponds in climate to 
the 54th and 55th degrees of latitude in Europe.” 

These distinctions pointed out by Michaux are not, however, 
of such rome ascaet importance as to prove the American 
Canoe Birch (Betula papyrifera) potter Bt distinct from the 
White Birch (B. alba, L., B. pubescens, Ehrh.) of Europe. 
Michaux made no distinction in his Sylva between the true 
Betula alba and the smooth-leaved and smaller B. pendula, 
Roth. His plate was of the latter plant, which has more 
deltoid leaves than the true B. papyrifera, but is quite like 
another American tree soon to be discussed. The foliage of 
the true B. alba is, nevertheless, as will be seen on comparison 
of American and European material, so similar as to present no 
apparent distinctive feature. The Canoe Birch in its best de- 
velopment, which Michaux places at a height of 70 feet, is 
found in deep soil on hillsides; but, had that keen observer 
been permitted to remain longer in our northern regions and 
to have explored the upper slopes of our mountains, he would 
have icant the same tree there growing from the crevices of 
bare ledges—quite as barren a soil as that occupied by the 
European tree, which, by his own statement, may be 70 or 80 
feet high. The more southern occurrence of the American 
tree is at least negative evidence of its identity with the tree 
of Scandinavia, northern Germany and Russia, for,as is now 
well known, the isotherms which cross New England pass far 
to the north in Europe, and the vegetation of northern New 
England and adjacent Canada has more than once been com- 
pared with that of Scandinavia. In fact, Michaux himself, in 
discussing the range of the Canoe Birch, said: ‘“ This part of 
North America, though situated 10 degrees further south, very 
nearly resembles Sweden and the eastern part of Prussia, 
not only in the face of the soil, but in the severity of the 
climate.” Thus the comparative notes of Michaux leave little 
by which to distinguish the American from the European tree ; 
and it is further worthy of note that in Boswell Syme’s enu- 
meration of the uses of the bark of the European tree he says: 
“In Russia it is applied to the same purposes for which that 
of the Canoe Birch is used in North America, boats being 
formed of it that are nearly as light and portable as those made 
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by the Red Indians of Canada.”* There is, then, no evidence 

from the descriptions and comparisons of Michaux and other 

well-informed European authors that the American Betula 

papyrifera is separable from the true B. alba of northern 
urope. 

The American tree presents numerous but apparently incon- 
stant variations in the size and toothing of its leaves, and the 
size of its strobiles and achenes. These variations, however, 
are very closely matched by specimens in American herbaria 
of the European Betula alba (B. pubescens, Ehrh.). If, for 
example, we compare branches collected by Robert Chalmers 
at Campbellton, New Brunswick, in 1887, or Rydberg’s No. 
1,005, from the Black Hills of South Dakota (distributed as 
B. occidentalis) with a Bohemian specimen from Tausch and 
Russian material from Regel; Macoun’s Cypress Hills (Assin- 
iboia) material (No. 5,919) with Christiania (Norway) mate- 
rial from Blytt; a sheet in the Gray Herbarium, collected on 
Lake Winnipeg by Bourgeau, with Hampe’s No, 1,321 from 
the Hartz Mts., in central Germany; or Clement’s No. 2,919 
from Nebraska and Medford (Massachusetts) material of Wm. 
Boott’s with the 1807 sheet of B. pubescens sent by Regel to 
the Gray Herbarium ; we cannot help being impressed by the 
identity of the pubescence, leaf-outline, strobiles, ete. Other 
comparisons of American and European specimens emphasize 
this identity ; so that, in view of these facts and the essential 
similarity of bark, branches and stature, as pointed out by 
Michaux and others, there seems no question that Betula 
papyrifera is the true B. alba of Linnzus. 


Betula alba, forma occidentalis. 


In the discussion of Betula papyrifera in his Silva, Pro- 
fessor Sargent referst to the tree of the northwest coast, a form 
which “differs from the eastern [papyrifera] in its greater 
height and rather darker colored bark, in its more pubescent 
branchlets, which sometimes do not become glabrous until their 
second season, although vigorous shoots of young plants in the 
east are often clothed with thick pubescence, and in its rather 
larger leaves,. which, on the lower surface, are also more pubes- 
cent.” Later, however, the same author has identifiedt this 
large tree with B. occidentalis, Hooker,§ not the small tree or 
half-shrub taken for B. occidentalis by Nuttall and other 
American authors, including Sargent, Silva, ix, 65, t. 453; 
and he concludes that the bark “is very different from that 
of the eastern tree, and it is probably best to consider it a 
species.” 

* Syme, English Botany, viii, 184. + Sargent, Silva, ix, 59. 

¢ Sargent, Bot. Gaz., xxxi, 288 (1901). § Fl. Bor.-Am., ii, 155 (1839). 
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The original material of Betula occidentalis came from the 
Strait of > sa de Fuca; and if we examine specimens from 
that region we shall find them matching in every character of 

ubescence, leaves and strobiles large forms of eastern B. alba 
B. papyrifera), as already intimated by Professor Sargent.* 
Branches collected by Professor L. F. Henderson in 1888 on 
the Gulf of Georgia, essentially a continuation of the Strait of 
Juan de Fuca, are clearly B. occidentalis, as shown by a trac- 
ing at the Arnold Arboretum of the original Scouler specimen. 
These specimens from the Gulf of Georgia have some of the 
branchlets strongly hirsute with sordid hairs mixed with abun- 
dant resiniferous atoms, while other (perhaps older) branchlets 
appear quite glabrous. In the original description of B. occi- 
dentalis, Hooker emphasized the abundance of resin, though 
nothing was said of hairs upon the branchlets. This character, 
however, is extremely variable, as shown by a large suite of 
specimens from Washington and British Columbia; and, ad- 
mitting this inconstancy in the amount of resin and pubes- 
cence, the Gulf of Georgia branches seem to the writer quite 
inseparable from many: sheets representing B. alba (B. papyri- 
fera) from different sections of America. In such characters 
as are shown in herbarium material they are identified with the 
following among other specimens: Almota Creek, Whitman 
Co., Washington (Piper, No. 3,570), very resiniferous but not 
hairy, thus matching the original description; Cascade Mts. 
and Sumass Prairie, lat. 49°, British Columbia (Zya//), the 
latter the type of B. alba, subsp. occidentalis, 8, commutata, 
Regel, the branchlets resiniferous but not hairy, thus agreeing 
with Hooker’s original description; Pend d’Oreille River, 
Washington (Z,,a/Z), branchlets quite as hairy as in the Gulf 
of Georgia tree; Hill City, South Dakota (V. Bailey, sheet 
No. 230,000, U. S. Nat. Herb.), branchlets hairy; Black Hills, 
South Dakota (Rydberg, No. 1,005), branchlets hairy ; Queens- 
town Heights, Ontario (J/acoun, Herb. Geol. Surv. Can., No. 
23,636), branchlets resiniferous, hirsute at tips; Goat Island, 
Niagara Falls, New York (Coville, sheet No. 294,829, U. 8S. 
Nat. Herb.), branchlets puberulent ; Bald Eagle Ridge, Center 
Co., Pennsylvania (Porter), branchlets as in Gulf of Georgia 
specimens; North Conway, New Hampshire (Wm. Boott), 
branchlets as in last; Mountain Rock, Ellsworth, Maine (Fer- 
nald), branchlets resiniferous, slightly hairy; Manuels, New- 
foundland (obinson and Schrenk, No. 139), branchlets as in 
last. Other specimens from the coastal region of Washington 
and British Columbia are quite like some eastern branches. 
Thus Lake and Hull’s plant from Tukanon River, Washington, 
and Macoun’s No. 23,639 from Vancouver, are inseparable from 


* Silva, 1. c., Bot. Gaz., 1. ¢. 
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a Niagara specimen collected by Asa Gray; and Piper’s No. 
1,128 from Whatcom Co., Washington, cannot be distinguished 
from Lowrie’s material from Bald Eagle Mt., Blair Co., Penn- 
sylvania (sheet No. 149,835, U.S. Nat. Herb.), and the old 
specimen of Wm. Oakes’s from Topsfield, Massachusetts, re- 
ferred by Regel to B. occidentalis, var. commutata ; and in 
their leaves these trees very closely approach a Canoe Birch 
growing at Oak Island, Revere, Massachusetts, and well-known 
to the local botanists from its lustrous brown bark. From 
herbarium specimens, then, there is no character by which to 
separate the northwestern Betula occidentalis from the eastern 
B. alba (papyrifera). 

The important character upon which Professor Sargent lays 
stress in his recent note* is the color of the bark, which in the 
northwestern tree is usually brown. This character alone seems 
hardly sufficient to separate specifically the two trees, espec- 
ially in view of such brown-barked trees in the East as that on 
Oak Island ; a tree growing at the foot of Mountain Rock, 
Ellsworth, Maine (represented in the Gray ne with 
gray-brown bark strongly tinged with plum-color; and Robin- 
son and Schrenk’s No. 139, Tom Newfoundland, in which the 
old bark, though becoming pale, retains much of the brown 
which is often seen in young trees. Furthermore, it is worthy 
of note that the Pacitic Coast tree is not thoroughly constant 
in its bark. The Henderson plant of 1888, from the Gulf of 
Georgia (essentially the type locality), was sent to the late 
Sereno Watson, who called it B. occidentalis. Subsequently, 
however, Professor Henderson, writing under date of Decem- 
ber 9, 1897, of the difficulties in studying this group, said: 
“Just where B. papyrifera leaves off and B. occidentalis be- 
gins, I am, and always have been, at a loss to say.” He then 
comments upon a tree which “is undoubtedly B. papyrifera 
in every respect,” adding, “and I have no doubt that my num- 
ber 1,712, from the shores of Lummi Island, Gulf of Georgia, 
sent Mr. Watson in ’88, and referred by him to B. occidentalis, 
is the same thing.” Thus it would seem that Betula alba 
(papyrifera) is not constant in its pale bark in the East, and 
that B. occidentalis of the Northwest may not always be dis- 
— by its dark bark. 

The tendency of another dark-barked northwestern tree to 
become quite as pale as the eastern Canoe Birch will be noted 
in the discussion of a species soon to be considered ; but in this 
connection it is worth while to note a tendency to darkening 
of color which has been observed in certain other northwestern 

lants. It is well known that many species of Carex growing 
in shade or in southern areas have pale or hyaline scales, while 


* Bot. Gaz., 1. c. 
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the same plants in exposed or alpine situations have the scales 
brown, chestnut, or even nearly black.* On the Pacific slope 
of North America, especially from the Cascade and Coast 
Ranges to the coast of Oregon, Washington, British Columbia 
and Alaska, this tendency is likewise very conspicuous. It is 
well shown in such plants as Carex praticola, Rydb., in the 
Vancouver Island form described as C. pratensis, var. furva, 
Bailey; C. pennsylvanica, in the variety vespertina, Bailey ; 
C. aurea, in the Vancouver plant, and in Suksdorf’s No. 35 
from Falcon Valley, and F. Binn’s material from Port Ludlow, 
Washington; C. limosa, in the variety stygia, Bailey; C. fili- 
Jormis, var. latifolia, in the Vancouver plant, and Hall’s No. 
607 from Oregon, Suksdorf’s No. 51 from Klikitat Co., Wash- 
ington, and Geyer’s No. 72 from Oregon ; and ©. rostrata, in 
the Vancouver plant, and Piper’s No. 994 from Seattle, and 
Suksdorf’s Nos. 55 and 56 from the Cascade Mts. of Wash- 
ington. The same tendency has likewise been noted in 
Eleocharis and Juncus. Without attempting here a discus- 
sion of the conditions which tend to produce upon our north- 
west coast the darkening of scales or other chartaceous portions 
of plants, it may be suggested that the brown color ordinarily 
seen in the Canoe Birch of Vancouver and the coastal region 
of Washington and British Columbia is perhaps due to the 
same physiological cause. 

Emphasis has likewise been laidt upon the great height of 
this northwestern tree as compared with the eastern Betula 
alba (papyrifera). Yet it is interesting to note that David 
Lyall (whose specimens from the Lower Frazer River are a 
close match for Hooker’s original description and for the trac- 
ing of the Scouler specimen) specially commented upon the 
tree as “growing to the height of 60 or 70 feet,’ + while 
Piper’s Whitman County trees are much lower. Since the 
brown-barked Betula occidentalis differs, then, only in this 
somewhat inconstant color of the bark from the ordinarily 
pale-barked B. alba, and since it is often no taller than the 
eastern tree, it seems to the writer hardly worthy special 
recognition, and that the tree was well treated by Professor 
Sargent in the Silva as a local tendency of the white-barked 
tree. 

Betula alba, var. glutinosa. 

Besides the ordinary Canoe Birch and its brown-barked form 
of the Pacific slope, there are many tendencies of Betula alba 
in America which deserve special comment. A single tree 

* See, for example, Boott, Ill. ii, 98, etc.; Holm, this Journal, 4th series, 


ii, 218; Fernald, Proc. Am. Acad., xxxvii, 500, 504. 
+ Sargent, Silva, 1. c., Bot. Gaz.,1].c. Lyall, Jour. Linn, Soc., vii, 134. 
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left standing, after the widespread devastation of forest fire, 
by the Wassataquoik River, near Mt. Katahdin, in Maine, is 
conspicuous on account of its pendulous “ weeping ” branches, 
an leaves and essentially straight peduncles. Though in 
habit this tree is strikingly like B. pendula, its leaves place it 
nearer B. alba. In fact, the material matches perfectly a 
specimen sent to the Gray Herbarium by Regel, from Finland, 
of B. alba, var. glutinosa, Trautv.,* the form pendulat figured 
by Reichenbach (Ic. Fl. Germ., xii, t. 625) as 2B. pendula, 
though not the species of Roth. This Weentanaslk Valley 
tree may be known as Betula alba, var. glutinosa, Trautv. 
This form (B. glutinosa, Wallr.t) is treated by various Euro- 
pean authors as a natural hybrid between B. alba (pubescens) 
and B. pendula,§ but the apparent absence from Maine of 
B. pendula renders this origin of the tree improbable. 


Betula alba, var. cordifolia. 


Another tree more common in the mountainous portions of 
New England than Betula alba, var. glutinosa, differs from 
the ordinary Canoe Birch only in its cordate-ovate leaves. In 
this character it is very constant, however, and seems to de- 
serve the varietal recognition given it by Regel as B. alba, 
subsp. papyrifera, B, cordifolia,| (B. cordifolia, Regel, Mon. 
28, t. 12, figs. 29-36). The species, B. cordifolia, was based 
upon one of de la Pylaie’s specimens from Newfoundland, and 
in his later treatment of the tree Regel cited two sheets in the 
Gray Herbarium, one from Mt. Katahdin, Maine, the other 
from Lake Superior. The tree is common on the upper 
wooded slopes of Katahdin and other mountains of northern 
New England, becoming a dwarf shrub at their summits, where 
it has passed as B. papyracea, var. minor, Tuck. Tucker- 
man’s original material and description, however, was of 
another form soon to be noted. The tree or shrub of the 
-mountainous districts of New England, with cordate leaves, 
pubescent on the veins beneath, may be known as Betula albu, 
var. cordifolia (Regel). Its range is a broad one, from north- 
ern Lasrapor (CU. A. Kenaston, sheet No. 25,240, U. S. Nat. 
Herb.) and NewrounpLanp to New Brunswick, Marne, the 
White Mountains, New Hampsurre, Laxe Superior, Iowa 
(B. Fink, No. 109), British Cotumsta, Ipano, and 
W AsHINGTON. 


* Trautv. ex el, Mon. Bet. (1861), 20. + Regel, 1. c., 23. 


¢ Sched. Crit., 497 (1822). 
; See Koehne, Deutsch Dendr., 109; Guerke, 1. c., 48. 
Regel in DC., 1. c., 166. 
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Betula alba, var. minor. 


The dwarf alpine shrub which was described by Tuckerman 
as Betula papyracea, var. minor,* is represented in the Gray 
Herbarium by material from Tuckerman himself. It is not, 

erhaps, the commonest dwarf Canoe Birch of the White 

ountains, but is a form with the small elliptic- or truncate- 
ovate leaves strongly glutinous and quite without pubescence. 
From the comparatively narrow wings of the samaras in Tuck- 
erman’s specimens, Regel took the plant to be a form of 
B. davuriea, Pallas, of eastern Asia, and upon the Tuckerman 
sheet he based his B. duvurica, B, americana.t The shrub 
is, however, more proper! a phase of B. alba, and it occurs 
likewise on the North Summit of Mt. Katahdin, where it 
sometimes has the leaves smaller firmer and more glutinous 
than on Mt. rd in Gaspé and in Labrador; and in 
the mountains of Saskatchewan, Assiniboia and Alberta, where 
it intergrades with B. microphylla. Though ordinarily dis- 
tinguished from 2. alba, var. ao by its elliptic- or 
truncate-ovate glabrous leaves, smaller erect strobiles, and 
smaller samaras, this second dwarf Canoe Birch shows ten- 
dencies to integrade with that form. In its most characteristic 
development this shrub of the New England mountains 
matches 2. tortuosa, Ledebour,t described from the Altai Mts. 
of central Asia, where it had likewise been mistaken by Lede- 
bour for B. davurica of Pallas. The range of Betula tortuosa 
has since been extended through northern Russia to Silesia, 
Finland, Lapland and Greenland, where it is sometimes treated 
as aspecies, but by Koehne and by Guerke as a form of 2. 
alba (B. pubescens, var. tortuosa (Ledeb.) Koehne).§ 

If we compare specimens collected by the late Edwin Faxon 
at “ Willis’s Seat” on Mt. Washington, New Hampshire, and 
Altai material of Betula tortuosa sent to the Gray Retadon 
from the Imperial Herbarium at St. Petersburg, we shall find 
the former ‘differing only in its glabrous branchlets. This 
want of pubescence is, however, quite as conspicuous in a- 
Lapland specimen from Regel of his B. alba, subsp. tortuosa 
a genuina. If, again, we compare the original sheet of Tuck- 
erman’s B. papyracea, var. minor from the White Mountains 
with the plate of B. tortwosa in Flora Danica (xvii, t. 2918) 
we shall find them too close for ready separation. Specimens 
from Mt. Katahdin are, furthermore, quite inseparable from Ro- 
senvinge’s No. 160 from Greenland, distributed from the Botan- 
ical Museum of Copenhagen as B. odorata, var. tortwosa and 
represented by sheet No. 2,044 in the Herbarium of the Geo- 
logical Survey of Canada; and various Mt. Washington speci- 


* Tack., this Journal, xlv, 31 (1848). t Regel in DC., 1. c., 175 (1864). 
¢ Fl. Ross. iii. 652 (1849). § Deutsche Dendr. 109 (1893). 


| 
i 
{ 


and Old World Birches. 179 


mens are practically identical with Rosenvinge’s Nos. 174 and 
210 from Greenland. This shrub or dwarf tree offers consid- 
erable variation in the outline and toothing of its leaves, but 
no more than does the same form abroad ; and since the young 
branchlets and leaves are sometimes pubescent as in &. alba 
its treatment as a dwarf variety seems the wiser course, and 
the shrub may be known as Betula alba, var. minor (Tucker- 
man). 
Betula alba, var. carpatica. 

A shrub growing on Anticosti Island at the mouth of the 
St. Lawrence (J/acoun in Herb. Geol. Surv. Can., No. 23,823) 
differs somewhat markedly from other American forms. It is 
nearest Betula alba, var. minor, but differs in its broadly 
rhombic leaves, mostly cuneate at base and permanently pubes- 
cent beneath, capeslly on the nerves. This shrub is undoubt- 
edly the B. borealis, Spach* (B. pumila, y borealis, Regel, 
Mon. Bet. 55, t. 13, figs. 38, 39), Goenithek from Newfound- 
land, and it is identified with Regel’s description of B. pubes- 
cens, § carpaticat (B. carpatica, Waldst. and Kit. in Willd. 
Sp. iv, 464). The specimens, except in their more, abundant 
pubescence (in this matching Regel’s “ folia subtus in venarum 
axillis saepe barbata”), are well matched by a Lapland sheet 
distributed by Regel as B. pubescens, var. carpatica; and they 
are equally well matched by a sheet distributed by Fries as 
B. glutinosa. This plant, B. glutinosa of Fries, not Wallroth, 
is treated by Guerke as identical with B. carpatica. The 
same form is well represented in Flora Danica (xvi, t. 2851) as 
B. odorata, var. rhombifolia, Lange, with B. odorata, var. 
carpatica, Lange (B. carpatica, Waldst. and Kit.) cited as a 
synonym. Guerke, however, does not identify B. rhombifolia, 
Tomndh, with 2B. carpatica, and considering this doubt it is 
least confusing to call the plant Betula giba var. carpatica 
(Waldst. and Kit.). The same form occurs in the Herbarium 
of the Canadian Geological Survey from Banff, Alberta (San- 
son, Nos. 22,298 and 22,444), though in its somewhat resin- 
iferous branchlets the first cited specimen tends toward B. 
microphylla, Bunge. An old specimen collected by Dr. Rich- 
ardson on the Franklin Expedition (sheet No. 23,628, Herb. 
Geol. Surv. Can.) is apparently the same. 


PENDULA. 
Betula pendula, var. japonica. 


Aside from Betula papyrifera and B. occidentalis the only 
birch of the section Albae generally recognized in America 
until within three years has been 2B. populifolia, a purely 


* Spach, Ann. Sci. Nat., ser. 2, xv, 196 (1841). + Regel in DC., 1. c. 168. 
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American species quickly distinguished by its comparatively 
low stature and southern range, its chalky white or gray-flecked 
close and scarcely defoliating bark, its glossy extremely cau- 
date-attenuate deltoid leaves, its compact grayish brown fruit- 
ing strobiles —— long and 6™™ thick, and the samara 
rarely 3°5"" broad. ery recently, however, three trees have 
been described from sutiowssionn America as unique American 
species: Betula kenaica, W. H. Evans,* from Alaska; B. 
alaskana, Sargent,t from Saskatchewan and Alaska; and B. 
fontinalis, Sargent,t+ the Rocky Mountain half-shrub which has 
there passed as B. occidentalis. 

The writer has not seen the original material of B. khenaica, 
but a large suite of specimens collected by Messrs. Coville and 
Kearney in the type region, on the Harriman Alaska Expedi- 
tion, has been placed in his hands by Mr. Coville. This series 
of 15 sheets in the United States Ni ational Herbarium is sup- 
plemented by very important notes by Mr. Coville on the color 
of the bark, ete. 

The first specimens cited by Professor Sargent for his Betula 
alaskana are one of Bourgeau’s collected on the Saskatchewan 
during the Palliser Expedition, and Macoun’s material from 
Prince Albert, Saskatchewan, collected in July, 1896 (not 1876 
as originally published). The other material came from Alaska 
and the tree is said to be “the ‘canoe birch’ of all travellers 
in Alaska, and it is the common birch tree of the Yukon 
Valley.” The Bourgeau plant, the first specimen cited by 
Professor Sargent and consequently (for want of any specially 
indicated specimen) to be regarded as the type, is in the Gray 
Herbarium. This plant was labelled by Regel and was 
included by him in the Prodromus as B. alba, subsp. verrucosa 
5 resinifera, a form otherwise known to him from Amur, near 
Udskoi (latitude 55°) on the Okhotsk Sea, and from the neigh- 
boring province, Transbaikalia. B. verrucosa, var. pele a 
was distinguished by Regel from the typical B. verrucosa by 
the densely resiniferous branchlets, a character very conspicu- 
ous in the Bourgeau specimen, but less marked in Macoun’s 
Saskatchewan material. And although in B. kenaica the 
twigs were originally described as “not resin-dotted,” later 
collections show the character to be inconstant and that the 
twigs are sometimes quite as glandular or resiniferous as in the 
Bourgeau specimen of A. alaskana; and furthermore, B. alas- 
kana has the twigs only “more or less verrucose with conspic- 
uous resinous glands,” so that little stress should be laid upon 
this character. 

A comparison of the original descriptions of Betula kenaica 
and B. alaskana shows no point by which they can be sep- 


* Bot. Gaz. xxvii, 481 (1899). + Bot. Gaz. xxxi, 236, 239 (1901). 
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arated. Both are trees commonly with red-brown or brown- 

ray bark, both have the twigs smooth or resiniferous, the 
eaves dark green above, paler beneath and ultimately quite 
glabrous. The fruiting catkins are described in practically 
the same terms. £B. kenaica is common in the region of 
Kenai Peninsula and Kadiac Island; while B. is 
characterized as “the ‘canoe birch’ of all travellers in Alaska,” 
and the range given includes “the Alaskan coast on the shores 
of Lynn Canal . . . ; and westward.” Since Lynn Canal lies 
on the coast in the same latitude as Kenai Peninsula and 
scarcely 500 miles to the eastward, the general range covered 
by Professor Sargent’s “westward” may well include the 
type region of Betula kenaica. 

A comparison of specimens of Betula kenaica and B. alas- 
kana likewise fails to reveal any distinctions. For instance, 
Coville and Kearney’s No. 2,423 of B. kenaica (sheet No. 
378,620 in the U. 8. Nat Herb.) is quite inseparable from 
Macoun’s Prince Albert material (No. 12,952a, Herb. Geol. 
Surv. me one of the original specimens cited for 2. alas- 
kana; and neither of these specimens can be separated in 
habit, twigs, leaves or pubescence from No. 20,327 of the 
Canadian Geological Survey Herbarium, material collected by 
R. G. McConnell near Dawson City on the Yukon, where B 
alaskana is said to abound. Furthermore, although the Bour- 
geau specimen of 2B. verrucosa, var. resinifera, the first cited 
specimen of B. alaskana, is young, its leaf-outline and very 
resiniferous twigs seem quite identical with those of Coville 
and Kearney’s No. 2,412 of B. kenaica (sheet No. 373,618, 
U. 8. Nat. Herb.). There is, then, no question that Betula 
dlaskana described in 1901 is identical with 2B. kenaica, pub- 
lished in 1899. 

Both Mr. Evans and Professor Sargent had their species 
compared at St. Petersburg, before publication, with Siberian 
material ; and it is certainly very unfortunate that these com- 
parisons were not more satisfactorily made, since very many 
sheets in the Gray Herbarium, as well as the United States 
National Herbarium, show what appear to be _ identical 
branches collected in Asia over a wide range of country,— 
from Kamtschatka to northwestern Siberia (Yenisei River), 
south to Japan, Mandschuria, Mongolia and Sungaria. This 
Asian tree was treated by Regel in the Prodromus as Betula 
alba, subsp. mandshurica and latifolia, while the more 
strongly resiniferous were included in his subsp. verrucosa, 8 
The form treated by Regel as subspecies /ati- 
Jfolia had, however, been described by Siebold* in 1830 as 
Betula japonica. 


* Verh. Batav. Gen., xii (1830), 25. 
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In Asia as in northwestern America the abundance of resin 
on the branchlets seems to vary without any accompanying 
change in leaf-outline or other character perceptible in the 
specimens ; and by comparison with well authenticated Asian 
specimens of Betula verrucosa, Ehrh. (B. pendula, Roth), B. 
mandshurica, Regel, and B. latifolia (B. japonica) with its 
vars. Tauschvi and kamtschatica, essentially all the available 
material of the American B. kenaica (including B. alaskana 
can be exactly matched. Thus such specimens as Coville an 
Kearney’s Nos. 1,408, 1,422, and 2,425 of B. kenaica (Nos. 
373,608, 373,609, 373,622, U. S. Nat. Herb.) and an old sheet 
in the National Herbarium from Fort Simpson (Mackenzie 
District) are good matches for Japanese material collected by 
Maximowicz and distributed as 2B. alba, subsp. latifolia u 
Tauschii, Regel (represented in the Gray Herb. and by sheet 
No. 25,341 in the b. S. Nat. Herb.). These specimens also 
match too closely the original description and figure of var. 
Tauschii, Regel.* Further material of var. Zauschii col- 
lected by Maximowicz in Mandschuria and distributed from 
the Imperial Herbarium at St. Petersburg (represented in 
Gra erb. and by sheet No. 25,345, U. 8. Nat. Herb.) has 
the leaves more coarsely and irregularly toothed than the speci- 
mens previously cited, but in this it is not distinguishable eee 
Coville and Kearney’s No. 2,412 of B. kenaica (sheets Nos. 
373,618, 373,619, U.S. Nat. Herb.) nor from the Bourgean 
specimen, type of B. alaskana; nor does this foliage differ 
from that of specimens collected by Korjhinsky at Blagovye- 
schensk, Amur (represented in Gray Herb. and by sheet No. 
273,721 in U. S. Nat. Herb.). Furthermore, these specimens 
cannot be separated by any apparent character from Kamt- 
schatkan material sent to the Gray Herbarium by Regel as his 
B. latifolia, var. kamtschatica, and they are quite like his 
original figure of that variety ;+ while Macoun’s Saskatchewan 
specimen (No. 12,952a) and McConnell’s Dawson specimen 
(No. 20,327) of B. alaskana, and Coville and Kearney’s Nos. 
1,442, 1,444, 1,445, and 1,626 of B. kenaica (sheets Nos. 
373,610, 373,611, 373,612, 373,616, U. S. Nat. Herb.) are quite 
as inseparable from Regel’s original description and figure of 
B. alba, subsp. mandshurica.t It is thus very evident that 
Betula kenaica and B. alaskaia cannot be treated as local 
American trees, but that they are quite identical with the well- 
known B. pendula or with the Asian tree which was described 
by Siebold in 1830 as B. japonica, and figured in its various 
forms by Regel in 1865. 

* Bull. Soc. Imp. Nat. Mose., 1865, 399, t. 7, figs. 11-14 (repr. Bemer- 
kungen iiber die Gattungen Betula und Alnus (1866) 12, t. 7, figs. 11-14). 


+ Bull. Soc. Imp. Nat. Mosce., 1. ¢., figs. 16-20. 
¢ Bull. Soc. Imp. Nat. Mosc., 1. c., fig. 15. 


i 
q 


and Old World Birches. 183 


This Asian tree, which presents indiscriminate variation in 
the size and toothing of its leaves and the abundance of resin 
on its branches, was treated by Miquel* as a variety of the 
Eurasian Betula alba ; while by Rehder it is more properly con- 
sidered a variety of the subspecies B. pendula (L. verrucosa). 
This disposition of the tree seems most advisable, since typical 
B. pendula crosses northern Asia and is distinguished ne 
the trees which Siebold called B. japonica and Regel called 
B. latifolia only by an inconstant tendency of the leaves to 
be more cuneate at base. The form of the tree with broad 
leaves rounded or truncate at base, common in northern Asia, 
and including much of B. kenaica and B. alaskana, should be 
known, then, as Betula pendula, Roth, var. japonica (Siebold), 
Rehder in Bailey Cyc. Am. Hort. i, 159. 

Reference has been made to the tendency of Betula alba 
to develop brown bark when it occurs upon the northwest 
coast of America. Similar reddish or brown bark likewise 
ordinarily distinguishes the northwestern tree which has been 
called B. kenaica (B. alaskana) from the true B. pendula. 
But this is not a sufficiently constant character to separate it 
specifically from the Asian specimens which so closely match 
it in every detail shown in the herbarium. The writer has 
been unable to find any clear statement that the bark of B. 
Lees, var. japonica, is either white or brown. Bourgeau, 

owever, who had previously remarked upon the abundance of 
Betula papyrifera on Le Boeke Lake Superior,+ and who 
was consequently familiar with the ordinary white-barked 
tree, referred the Saskatchewan tree without question to that 
species ;{ and Macoun referred his Prince Albert tree without 
comment to B. papyrifera. The fact that these acute collec- 
tors of the first mentioned specimens of 8. alaskana saw in 
their Saskatchewan trees only the white-barked B. papyrifera 
is sufficient evidence that the brown bark of B. alaskana is not 
a character to be confidently relied upon. Furthermore, Mr. 
Coville writes of B. kenaica under date of March 12, 1901: 
“In certain individual trees, however, and perhaps on exposure 
to certain climatic conditions the layers of the bark separate 
and the bark turns white as in papyrifera. This factor has 
made it difficult for the collectors who have observed the tree 
to tell whether in upper Cook’s Inlet there is a white-barked 
birch distinguishable from kenaica.”’ Sheets Nos. 373,611, 
373,619, and 373,620 in the United States National Herbarium 
show strips of lichen-covered bark of B. kenaica no darker 


* Miquel, Ann. Bot. Mus. Lugd. Bat. ii, 136. 
‘ + Bourgeau in letter to Sir Wm. Hooker, Palliser, Rep. Brit. N. A. Expl. 
xped. 247. 
¢ Bourgeau, 1. c. 249; see also Hooker, ibid., 260; Gray, ibid., 263; Sulli- 
van, ibid., 85, ete. 
Am. Jour. Sct.—Fourts Series, VoL. XIV, No. 1902. 
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than is occasionally seen in B. alba (B. papyrifera) in the 
Northeast and already mentioned in the discussion of B. occi- 
dentalis. The color of the bark, then, furnishes no satisfac- 
tory reason to separate Betula kenaica from the Asian B£. 


pendula, var. japonica. 
Betula pendula (typical). 


The broad-leaved var. japonica is not the only form of 
Betula pendula which crosses from Europe and Asia into 
North America. As already noted, the typical European B. 
pendula with leaves cuneate at base extends across northern 
Asia. Some of the specimens which have been referred to 
B. alaskana are quite inseparable in their leaves, branches, 
and strobiles from European specimens; and, furthermore, 
this characteristic European form extends southward and east- 
ward in America to western Illinois, the Great Lakes, and the 
St. Lawrence Valley. Sheet No. 351,017 of the United States 
National Herbarium, collected as B. populifolia in woods at 
Warren, Illinois, by L. M. Umbach, is not distinguishable from 
sheet No. 25,340 from Sungaria in central Asia, nor from 
material in the Gray Herbarium collected in Sweden (Blom- 
berg, No. 1,691). Sheet No. 261,119 of the U. S. National 
Herbarium, collected by Professor James Fowler in Ontario as 
B. populifolia, has the strobiles and leaves of B. pendula and 
it cannot be separated from material in the Gray Herbarium 
from Christiania, Norway (Blytt), and from St. Petersburg, 
Russia (/egel). A sheet in the Herbarium of the Geological 
Survey of Canada (No. 12,950), collected in the Province of 
Quebec as B. populifolia by W. Scott, is quite identical with 
sheet No. 149,801 of the U.S. Nat. Herb. from Savoy. Vari- 
ous other leaf-specimens from Quebec, Manitoba, and other 
regions of temperate North America are probably B. pendula, 
but without fruit it is at present unwise so to refer them. The 
American specimens cited were gathered as the endemic Betula 
populifolia, at least one of them in “woods”; and _ since 
undoubted B. pendula is found from the Saskatchewan Plains 
northward, there seems little question that the European tree, 
crossing Asia, is truly indigenous likewise in the northeastern 
sections of America, just as are Coptis trifolia, Drosera 
rotundifolia, Viburnum Opulus, Lysimachia thyrsifiora, and 
many other well known species* which occur in northern 
Europe, central and northern Asia, Japan, northwestern Amer- 
ica, and northeastern America. 

* Among them Caltha palustris, Viola Selkirkii, Parnassia palustris, 
Potentilia palustris, Circaea alpina, Pyrola minor, Moneses grandiflora, 
Menyanthes trifoliata, Rumex persicarioides, Allium Schoenoprasum, Juncus 
effusus, Eriophorum gracile, Carex filiformis, Hierochloe borealis, etc., etc. 


See Gray, Mem. Am. Acad., n. s., vi, 377-499; and Extract ‘‘ Flora of 
Japan” in Sci. Pap. of A. Gray, selected by C. S. Sargent, ii, 124-141. 
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BETULA MICROPHYLLA. 


Professor Sargent has recently referred* to the fact that the 
writer identifies the common brown-barked tree or half-shrub 
of the Rocky Mountains with Bunge’s Betula microphylla 
described from the Altai of central Asia. Professor Sargent, 
however, was unwilling to identify fhe American tree with 
Bunge’s species, and he accordingly proposed for it the new 
name B. fontinalis. But a further comparison of B. fon- 
tinalis and an authentic branch from the Altai of Bunge’s 
species sent from the Imperial Herbarium of St. Petersburg 
to the Gray Herbarium, some of the original Tyan Shan mate- 
rial of Regel’s B. alba, subsp. soongoricat in the Gray Her- 
barium and in the United States National Herbarium, the 
figures of Regel’s B. fruticosa, var. cuneifolia,t and lastly 
the original detailed full-page description by Bunge of his 
B. microphylla, has more firmly convinced the writer that 
all three of these trees described from the Altai and the Tyan 
Shan ranges are one species, B. microphylla, Bunge; and that 
this species differs from B. rhombifolia, Nutt. (B. occidentalis, 
Nutt. and of many other authors, not Hook. &. fontinalis, 
Sargent) only in growing among the mountains of central 
Asia rather than among those of northwestern America. 

A comparison of Bunge’s original description of Betula 
microphylla with Nuttall’s description of his B. occidentalis,| 
the tree subsequently called by Sargent B. fontinalis, shows 
no definite character of leaves, strobiles, samaras, nor twigs 
upon which the two may be separated; and Bunge’s words, 
“epidermide trunci flavescente neque alba, primo intuito dis- 
tinetissima,”"§ are certainly not inapplicable to the small tree of 
northwestern America described in the Botany of California 
“‘ with close dark-colored bark (at length light brown).”** Fur- 
thermore, if we compare with the branch of B. microphylla 
sent from St. Petersburg to the Gray Herbarium the original 
specimen of Nuttall’s B rhombifoliatt (preserved in the Son 

erbarium and referred by Sargent to B. fontinalis), and 
such specimens as Macoun’s from the North Saskatchewan and 
Dawson’s from the Columbia River (Herb. Geol. Surv. Can., 
Nos. 23,620, and 23,624) or F. W. Anderson’s material from 
McCarthey Mts., Montana (U.S. Nat. Herb. No. 25,261), we 
shall be perplexed to make out points of distinction. If we 
also compare with some of the original material of Regel’s 
B. alba, subsp. soongorica, B microphylla from 5,000 ft. in 

* Bot. Gaz. xxxi, 239. 


Soc. Imp. Nat. Mosc. (1868) vi— repr. Enun. Pl. Semenow. (1869) 99. 
Regel, Mon. Bet. (1861) 35. t. 7, figs. 16-23. 


Nutt., Sylva, i, 22, t. 7 (1842). | Bunge, 1. ¢ 


[ive Pétersb. Mém. Savans Etrang. ii (1835) 606—reprint, Fl. Alt. Suppl. 84. 
Watson, Bot. Cal. ii, 79. + Nutt., 1. ¢. 24, t. 8. 
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the Tyan-Shan Mountains as represented in the Gray Herba- 
rium and by sheet No. 25,339 in the U.S. National Herbarium, 
such specimens as V. Bailey’s No. 5 from South Dakota, 
Coville and Leiberg’s No. 81 from Nevada, and R. 8. William’s 
No. 404 from Montana (sheets Nos. 229,983, 275,933, and 
290,087, U. S. Nat. Herb.); or Macoun’s Devil’s Lake plant, 


‘Dawson’s South Kootenai Pass Plant, and Macoun’s Crow 


Nest Pass Plant (Nos. 2,050, 23,623, and 24,368, Herb. Geol. 
Surv. Can.); or Lake and Hull’s No. 790 from Washington, 
Rydberg and Bessey’s No. 3,928 from Montana, Rydberg’s No. 
1,006 from the Black Hills, and A. Nelson’s No. 1,647 from 
Wyoming, we shall be further perplexed in separating the 
American species from the Asian. Similar comparisons of 
American specimens with the figures of 3B. fruticosa, var. 
cunetfolia (which by Regel was identified with B. microphylla), 
lead to the same result. In view of this evidence and the 
essentially identical descriptions of Nuttall and Bunge, the 
writer is still unable to see in Betula fontinalis, Sargent (B. 
occidentalis, Nutt., not Hook. B. rhombifolia, Nutt., not 
Tausch) anything but B. microphylla, Bunge, of the moun- 
tains of central Asia. 


§ Nanae. Shrubs: wings of the samaras narrower 
than, or very rarely as broad as the achenes. 


The Dwarf Birches like the Canoe Birches present such 
tendencies to intergradation that it is difficult to draw clear 
specific lines between them. Yet in America three fairl 
marked species or centers of variation can be distinguished. 
These are Betula pumila, L., with the young shoots normally 
pubescent with long soft hairs, and quite glandless, but in an 
extreme form with glands or resiniferous atoms mixed with 
the long pubescence; B. glandulosa, Michx., with the young 
shoots glandular or resiniferous, at most puberulent with close 
short hairs; and B. nana, L., a tiny shrub with the young 
shoots puberulent or finely pubescent, but vot glandular. In 
its typical form confined to arctic and alpine regions of Green- 
land, Europe and Asia, 2. nana is represented in America by 


NANA, var. MicHAvuxit. 


A very dwarf birch with cinereous-puberulent glandless 
branches and tiny suborbicular or flabelliform leaves has been 
collected at various points in Newfoundland, Labrador, and the 
Hudson Bay region, and has been referred to Betula nana, L., 
or its var. fabellifolia, Hook. An examination of this material 
shows that the strobiles are made up of simple oblong scales, 
instead of the deeply three-lobed scales characteristic of 2. 
nana and most other species of the genus. 


qq 

_a 

! 
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This dwarf shrub of Newfoundland and Labrador is with- 
out question Betula Michauwii, Spach,* based upon the BZ. 
nana of Michaux, not L., and made by Spach the type of his 
section Apterocaryon. Subsequently the plant was raised to 
generic rank by Opiz,+ and called Apterocaryon Michauwii ; 
while, on the other hand, Regel in his first Monograph treated 
the plant as a variety of B. nana, though he later recognized§ 
it as distinct. Habitally the plant is quite inseparable from 
the European B. nana ; and since sheet No. 334,540 of the 
United States National Herbarium, from Nugsuak Peninsula 
in Greenland, shows strobiles with simple and variously divided 
scales, it seems that Regel’s earlier treatment of the plant was 
wiser and that the Newfoundland and Labrador representative 
of Betula nana is var. Michauwii (Spach) Regel. 


BETULA PUMILA. 


In its normal form Betula pumila, L.| has the leaves and 
branchlets quite glandless and in their youngest stages densely 
pubescent with silky hairs. The shrub, however, passes imper- 
ceptibly into a state (var. glabrescens, Regel) in which the 
repr Me and leaves are quite glabrous. This tendency is 
common, but apparently not of such constancy as to merit 
special recognition. It is interesting to find, however, that the 
yp geen which represent this tendency are inseparable from 

. alpestris, Fries,4| of Greenland, Iceland, Scandinavia and 
north Germany, an identity which was at least suspected by 
Regel.** Such specimens in the Herbarium of the Geological 
Survey of Canada as Macoun’s No. 23,840 from Anticosti and 
Waghorne’s No. 23,821” from Labrador are quite inseparable 
from sheet No. 149,806 in the U. S. Nat. Herb. of B. alpestris 
from the Dovre Mts., Norway (AAlberg) and a sheet in the 
Gray Herbarium from Lapland (Andersson), except in the 
length of the petiole. This character, however, is very incon- 
stant and it seems to the writer an insufficient point on which 
to keep apart two plants which are otherwise inseparable. 
Nor are the extreme American plants otherwise different from 
the plate representing B. fruticosa, var. humilis, Reichenbach 
(Ie. Pi. Germ. xii, fig. 1280) and referred by Guerke to B. 
alpestris, and the plate of B. alpestris in Flora Danica (Suppl. 
t. 37). The name £B. pumila, however, long antedates £. 
alpestris, Fries, and it should now be applied to the shrub of 
northern Europe as well as America. The true Betula pumila 
occurs in swamps from Lasprapor and west- 


* Ann. Sc. Nat., ser. 2, xv, 195. + Lotos, v (1855), 258. 
Regel, Mon. Bet. (1861) 45. 
Regel in DC. Prodr. xvi, part 2 (1864), 171. | Mant. 124 (1767). 
Summ. Veg. Scand. i, 212 (1846). ** Regel in DC., 1. c, 173. 
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ward, and locally south to Morris Co., New Jersey, Champai 
Co., Onto, Lake Co., and McHenry Co., in 
Greenland, northern Europe and Siberia. The leaves vary 
much in outline and in the degree of permanence of the pubes- 
cence ; and the samaras in the breadth of the wings and achenes. 
Narrowly obovate and orbicular leaves are often found upon 
the same shrub, so that species or varieties based upon these 
characters (as B. Grayi, Regel, Bull. Soc. Imp. Nat. Mose. 
xxxviii, 406, t. 6, figs. 9-13) have little value. 


Betula pumila, var. glandulifera. 


In the Great Lake region, however, and from there north- 
ward and westward, where Betula pumila meets B. glandu- 
losa, it presents a perplexing form. In its long pubescence 
(when well developed) the shrub seems to be B. pumila, but 
mixed with the pubescence and sometimes upon the leaves are 
the characteristic glandular atoms of 3. glandulosa. Ordi- 
narily, though, the shrub is readily distinguished from the latter 
species by the longer pubescence of the young shoots. This 
intermediate and transitional form, Betula pumila, var. glan- 
dulifera, Regel in DC. 1. ¢., occurs from western Ontarto and 
Micuiean to Minnesota, SaskaTcHEWAN and British Cotum- 
BIA, south to Inano and Oregon. 


BrETULA GLANDULOSA. 


Betula glandulosa* presents two variations which in their 
extreme developments appear very distinct, but which again 
so mingle their characters as to be quite inseparable. Typical 
B. glandulosa is an upright shrub sometimes several feet high, 
but in exposed situations it becomes dwarfed and widespread- 
ing. In the typical form of the species the leaves are obovate, 
but occasionally on these shrubs orbicular or reniform leaves 
are found. This shrub with obovate leaves is most common in the 
interior of North America, from the Yuxon and Mackenziz 
Rivers to Hupson Srrarrs, south in the mountains to northern 
CauirorniA, Uran, Cotorapo, and Sourn Daxora; across the 
plains to Manrrosa and Laxe Superior; and through Lasra- 
por and locally to the higher mountains of northern New 
It is also in GREENLAND, and the 
Attar Mountains. 

On the eastern mountains (Albert, Katahdin and Washing- 
ton), in Labrador, and in the Altai the shrub passes imper- 
ceptibly to a form with orbicular or reniform leaves, var. 
rotundifolia, Regelt (Betula rotundifolia, Spacht); but on 


* Michx., Fl. Bor.-Am. ii, 180 (1803). + Regel in DC., 1. ce, 172 (1864). 
Spach, 1. c. 194 (1841). 
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the coast of Alaska, the islands of Behring Sea, and adjacent 
Kamtschatka this depressed form with small orbicular or reni- 
form leaves retains its characteristics in a marked degree, and 
were the plant known only from that district it would stand as 
an undoubted species. 

Mr. Coville has called the attention of the writer to a shrub 
four to six feet high which is associated with the depressed 
Betula glandulosa, var. rotundifolia, and the Cook’s Inlet 
tree which is identified with B. pendula, var. japonica. This 
intermediate shrub is well represented in the National Herba- 
rium, and it is possible, as Mr. Coville suggests, that it is of 
hybrid origin, since similar hybrids of trees and dwarf shrubs 
have before been noted.* The material presents a strong super- 
ficial resemblance to Greenland specimens of &. alba, var. 
minor, although the strongly resiniferous branchlets hardly 
place it with that shrub. 


In conclusion, it should be emphasized that the specitic lines 
in Betula, as in Alnus, Quercus and Salix, are often too vague. 
It is quite possible to trace by a series of specimens a direct 
connection between the dwarf Betula nana or B. glandulosa 
and the tall B. alba. Thus &. nanw in its larger development 
is separated with difficulty from the Scandinavian &. alpestris. 
This shrub, in turn, is quite like glabrate states of the Ameri- 
can B. pumila, which, through its var. glandulifera, passes to 
B. glandulosa, the larger developments of which pass in the 
Cascade Mts. to B. microphylla, and in the Sechutehenton 
region to B. alba, var. minor. The latter shrub is often 
inseparable on the New England mountains from &. aba, var. 
cordifolia, which on the lower slopes becomes a large tree and 
passes gradually to the broad-leaved form figured by Michaux 
as B. papyracea. A very similar series is readily made to 
include B. pendula and £B. humilis. But since it is obvi- 
ously impracticable to regard all these forms as one species, it 
seems wiser to recognize the more marked centers of variation 
as species which are admitted to pass by exceptional tendencies 
to other forms ordinarily distinguished by marked charac- 
teristics, 

The American representatives of § Costatue, Betula nigra, 
B. lenta, and B. lutea, are represented by related species in 
Asia, but none of these trees are of very boreal range, and 
they appear well distinguished as endemic species. 


Po gama [alba] x humilis, Warnst. Verh. Bot. Ver. Brandenb. xi, 
129 (1870). 

B. nana x verrucosa [pendula], Sael. Medd. Soc. Faun. et. Fl, Fenn. xiii, 
256 (1886). 
B. nana x pubescens [alba], Koehne, Deutsche Dendr. 112 (1893), 
B. pumila x lenta, Jack, Gard. and For. viii, 2438, fig. 36 (1895). 
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The American forms of §§ Albae and Wanae now recog- 
nized by the writer and discussed in the preceding notes may 
be briefly enumerated as follows: 

-  B. arpa, L. Sp. ii, 982 (1753); Roth, Fl. Germ. i, 404. B. 
papyrifera, Marshall, Arbust. Am. 19 (1785). B. papyracea, 
Ait. Hort. Kew. iii, 337 (1789). B. pubescens, Ehrh. Beitr. v, 
160, vi, 98 (1790-91). B. odorata, Bechst. Diana, i, 74 (1797).— 
NeEwrounDianp to south to Pennsytvant, Iyprana, 
Nepraska, Wyomine, IpAno and WasutneTon ; passing on 
the Pacific coast to the dark-barked forma occidentalis (B. 
occidentalis, Hook. Fl. Bor.-Am. ii, 155 (1839)); IczLann, 
northern Evrors and Asta, south in the mountains to northern 
Spar, Iraty, etc. (Pl. V, figs. 1-6.) 

B. atBa, var. GLuTinosa, Trautv. ex Regel, Mon. Bet. 20 
(1861). &. glutinosa, Wallr. Sched. Crit. 497 (1822). B. 

endula, Reichenb. Ic. Fl. Germ. xii, t. 625, not Roth.— 
alley of Wassataquoik River, Marne; Swepen, Finvanp, 

GERMANY, SWITZERLAND, AUSTRIA. 

B. var. corpirotia. cordifolia, Regel, Mon. Bet. 
28, t. 12, figs. 29-36 (1861). B. alba, subsp. papyrifera, B, 

- cordifolia, esl in DC. Prodr., xvi, pt. i, 166 (1864). -B. 

pupyrifera, var. minor, Wats. and Coult. in Gray, Man. ed. 6, 

472 (1889), in part, not B. papyracea var. minor, Tuck.— — 

Lasrapor and Nrewrounp.anp to New Brunswick, Marne, 

New Hampsuire, Laxe Superior, Iowa, Atperta, Britisx 

Ipano, and WasHIN@eTON. 

B. var. minor. davurica, Ledeb., Fl. Alt. iv, 245 
(1833), not Pallas. 3B. papyracea, var. minor, Tuckerman, 
this Journal, xlv, 31 (1843). B. tortwosa, Ledeb., Fl. Ross. iii, 
652 (1849). B. odorata, var. alpigena, Blytt, Norg. Fl. 402 
(1861). £&. alba, subsp. tortuosa, Regel, in DC., 1. c. 168 
(1864). B. davurica, B, americana, Regel, 1. c. 175 (1864). 
B. odorata, var. tortuosa, Lange, Fl. Dan. xvii, 10, t. 2918 
(1877). B. papyrifera, var. minor, Wats. and Coult. 1. ¢., in 

art. B. pubescens, var. tortwosa, Koehne, Deutsche Dendr. 

109 (1893).—Lasrapor to the mountains of Mainz, New 

Hampsuire and Vermont; mountains of SaskKaTcHEWAN, 

Assrnirpora, and ALBERTA; GREENLAND, IceLanp, LApLanp, 

northern Germany, Attar Mts.; dwarf forms from 

Axaska resemble this variety, but have the strongly resini- 

. ferous branchlets of B. glandulosa and B. pendula. (Pl. V, 

figs. 7-12.) 

var. carpatica. carpatica, Wald. and 
Kit. in Willd. Sp. iv, 464 (1805). 2B. borealis, Spach, Ann. 
Sci. Nat., ser. 2, xv, 196 (1841). B. glutinosa, Fries, Summ. 
Veg. Scand., 212 (1846), not Wallr. 3B. pumila, y, borealis, 
Regel, Mon. Bet. 55, t. 13, figs. 38, 39 (1861). 2. alba, subsp. 
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pubescens, carpatica, Regel in DC., 1. ¢. 168 (1864). 
odorata, var. carpatica, Lange, Haandb., ed. 3, 708 (1864). 
B. odorata, var. rhombifolia, Lange, Fl. Dan., xvi, t. 2851 
(1871).—Anticosti, QueBEec ; ALBERTA; and northward ; Scan- 
DINAVIA to GerMANy, Austria and Russia. (PI. V, figs. 13-14.) 

B. penputa, Roth, Fl. Germ. i, 405 (1788). B. verrucosa, 
Ehrh., Beitr. vi, 98 (1791). 2B. alba, var. verrucosa, Wallr., 
Sched. Crit., 495 (1822). B. alba, var. vulgaris, Spach, 1. ¢. 
186 (1841). B. odorata, Reichenb., Ic. Fl. Germ., xii, fig. 
1288 (1850), not Bechst. B. gummifera, Bertol., FI. It., x, 
229 (1854). B. alba, subsp. verrucosa, a, vulgaris and 8, resin- 
(in part), Regel in DC., 1. c. 163, 164 (1864). B. kenaica, 

. H. Evans, Bot. Gaz., xxvii, 481 (1899), in part. 2. alas- 
kana, Sargent, Bot. Gaz., xxxi, 236 (1901), mostly.—Quxsxc to 
ALBERTA, Mackenziz and ALASKA ; Europe and Asia, 
widely distributed. (Pl. V, figs. 15-18; Pl. VI, figs. 19-22.) 

B. PENDULA, var. JAPonIcA, Rehder in Bailey, Cyc. Am. 
Hort., i, 159 (1900). B. japonica, Siebold, Verh. Batav. Gen. 
xii, 25 (1830). B. latifolia, Tausch, Fl. Ratisb., 751 (1838). 
B. alba, subsp. verrucosa, § resinifera, Regel in DC., |. ce. 164, 
in part; subsp. mandshurica and latifolia, Regel, |. ¢. 165 
(1864). B. kenaica, W. H. Evans, 1. c. (1899), mostly. 2. 
alaskana, Sargent, |. c. (1901), in part.—Sunearia to JAPAN, 
north to the Yenisei River, Srperra, and KamrscnatKa ; east 
to Peel River and Fort Simpson, Macxenzixr, and along the 
AasKA coast; and apparently on the coast of Washington 
Co., Marne (trees sterile). (Pl. VI, figs. 23, 24.) 

B. poputrroii1a, Marshall, Arbust. Am., 19 (1785). 2B. alba, 
var. populifolia, Spach, Ann. Sci. Nat., ser. 2, xv, 187 (1841). 
B. alba, subsp. populifolia, Regel, in. DC., 1. ec. 164 (1864).— 
Prince Epwarp Isianp to central Marne, southwestern Qur- 
BEC, and western New York, south mostly on the coastal plain 
to DreLawaRE. 

B. micropnytia, Bunge, St. Pétersb. Mém. Savans Etrang., 
ii (1835), 606--reprint, Fl. Alt. Suppl. 84. B. occidentalis, 
Nutt., Sylva, i, 22, t. 7 (1842), not Hook. B. rhombifolia, 
Nutt., 1. c. 24, t. 8, not Tausch. B. fruticosa, var. cuneifolia, 
Regel, Mon. Bet. (1861) 35, t. 7, figs. 16-23. &. alba. subsp. 
soongorica, Regel, Bull. Soc. Imp. Nat. Mose., vi, (1868)— 
reprint, Enum. Pl. Semenow (1869) 99. 2B. fontinalis, Sar- 
gent, Bot. Gaz. xxxi, 23 (1901).—In the mountains from 
Ataska to northern Catirornia, SaskKaTcHEWAN, Da- 
Kota, and New Mexico; Atrar and Tyan Suan Mrvs., central 
Asia. (Pl. VI, figs. 25-32.) 

B. nana, L., var. Micnauxm, Regel, Mon. Bet. (1861), 45. 
B. Michauwii, Spach, ].c.195(1841). Apterocaryon Michauxii, 
Lotos,-v (1855), 258.—Hupson Bay, Laprapor and 

EWFOUNDLAND. (PI. VI, figs. 47, 48.) 
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B. pumia, L., Mant. 124 -: B. alpestris, Fries, Summ. 
Veg. Scand., i, 212 (1846). . fruticosa, var. humilis, 
Reichenb. Ic. Fl. Germ., xii, fig. 1280 (1850). 2B. nana var. 
alpestris, Regel, Mon. Bet. 45 (1861). B&B. Grayi, Regel, Bull. 
Soc. Imp. Nat. Mose., xxxviii, 406, t. 6, figs. 9-13 (1865).— 
Lasrapor and NEwrounpLanp to Ontario, south to Morris 
Co., New Jersry, Champaign Co., Onto, Lake Co., Inprana, 
and McHenry Co., ILi1no1s; GREENLAND, SCANDINAVIA, north- 
ern GERMANY, Fintanp, Laptanp, Russia, Srperra. (PI. VI, 
tigs. 33-38.) 

B. PUMILA, var. GLANDULIFERA, Regel in DC., 1. c. 173 (1864). 
—Onrtario and Micuiean to Minnesota, SaAsKATCHEWAN and 
British Cortumpia, south in the mountains to Ipano and 
OREGON. 

B. euanputosa, Michx., Fl. Bor.-Am., ii, 180 (1803). 
nana of various American authors, not L. &. Littelliana, 
Tuckerman, this Journal, xlv, 30 (1843).—GrEENLAND and 
Hupson Srrarrs to Kamrscnatxa, and the Altai Mts. of 
Srperra; south in eastern America to the higher mountains 
of Marne and New Hampsuire; in the interior to Lake 
Superior and Manrropa; and in the western mountains to 
South Daxora, Cotorapo, Uran, and northern Catirornia. 
(Pl. VI, figs. 39, 40.) ; 

B. @LANDULOSA, var. RoTUNDIFOLIA, Regel in DC., 1. c. 172 


(1864). B. Spach, 1. 194 (1841). 2B. nana, var. 


sibirica, Ledeb., Fl. Ross., iii, 654 (1849)—GrrENnLAND and 
northern Lasrapor to KamrscuarKa, and the Altai Mts. of 
Srperta, south to the higher mountains of Marne and New 
Hampsuirg, and along the coast of ALaska. Perhaps hybrid- 
izing with B. pendula. (PI. VI, figs. 41-44.) 
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EXPLANATION OF PLATES.* 


V, figs. 1-6, BeTULA ALBA. 


Figure 1.—Leaf of young flowering branch of B. pubescens, Ehrh., from 
the Vosges Mts., near Rambervilles, France (Joad). 

Figure 2,—-Leaf of fruiting branch of B. papyrifera, Marsh., from Lake 
Winnipeg, Manitoba (Bourgeau). 

Figure 3.—Leaf of fruiting branch of B. occidentalis, Hook., from Pend 
d’Oreille River, British Columbia (Lyall). 

Figure 4.—Leaf of young branch of B. pubescens, Ehrh., from Bohemia 
(Tausch). 

Figure 5.—Leaf of fruiting branch of B. papyrifera, Marsh., from South- 
port, Maine (Fernald). 

FiaureE 6.—Leaf of fruiting branch from Austria—after Ettingshausen and 

Pokorny, Phys. Pl. Aust. iii, t. 201. 


Puate V, figs. 7 to 12, B. aLBa, var. MINOR. 


Figure 7.—Leaf of fruiting branch of B. tortuosa, Ledeb., from the Altai 
Mts., Siberia (ex. herb. St. Petersb.). 

Ficure 8.—Leaf of fruiting branch of B. odorata, var. tortuosa, Lange, 
from the Dovre Mts., Norway—after Lange, Fl. Dan. xvii, t. 2918. 

Ficures 9, 10.—Leaves of original fruiting branches of B. papyracea, var. 
minor, Tuck., from Mt. Washington, New Hampshire. 

Ficure 11.—Leaf of dwarf form of B. papyracea, var. minor, Tuck., from 
Mt. Washington, New Hampshire (Faxon). 

FicurE 12.—Leaf of fruiting branch of B. odorata, var. minor, Rosenvinge 

in herb., from Greenland (Hartz). 


V, figs. 13, 14, B. ALBA var. CARPATICA, 


Figure 13.—Leaf of fruiting branch of B. borealis, Spach, from Anticosti, 
Quebec (Macoun). 

Ficure 14.—Leaf of B. alba, subsp. pubescens, ¢ carpatica, Regel, from 

Lapland (Regel). 


Puiate V, figs. 15 to 18, Piate VI, figs. 19 to 22, B. penpuLaA. 


Figures 15, 17.—Leaves of young flowering branch of B. alba, subsp. ver- 
rucosa, 6 resinifera, Regel (type of B. alaskana, Sargent) from 
Saskatchewan (Bourgeau). 

Fiaures 16, 18.—Leaves of fruiting branch of B. verrucosa, Ehrh., from 
Christiania, Norway (Biytt). 

Ficure 19.—Leaf of fruiting branch of B. pendula, from Warren, Illinois 
(L. M. Umbach, sheet No. 351,017 U. S. Nat. Herb.), 

Ficure 20.—Leaf of fruiting branch from Gotland, Sweden (Blomberg). 

Ficure 21.—Leaf of B. alba, subsp. mandshurica, Regel, from Mandschuria— 
after the original illustration (Regel, Bull. Soc. Imp. Nat. Mosc., 
1865, t. 7, fig. 15). 

FicurE 22.—Leaf of fruiting branch of B. verrucosa, 6 resinifera, Regel, 

from Nushagak River, Yukon District, Alaska (McKay). 


PriateE VI, figs. 23, 24, B. PENDULA, var. JAPONICA. 


Figure 23.—Leaf of B. alba, subsp. latifolia, a Tauschii, Regel, from Eastern 
Asia—after Regel, Bull. Soc. Imp. Nat. Mosc., 1865, t. 7, fig. 11. 

Figure 24,—Leaf of B. kenaica, W. H. Evans, from Cook Inlet, Alaska 
(Coville and Kearney, No. 2412). 


*The plates illustrating this paper have been carefully prepared by Mr. 
F. Schuyler Mathews. Unless otherwise stated, the figures are life-sized. 
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Puate VI, figs. 25 to 32, B. MICROPHYLLA. 


Figure 25.—Leaf of young shoot of B. microphylla from the Altai Mts., 
Siberia (ex. herb. St. Petersberg). 

Ficure 26.—Leaf of B. fruticosa, var. cuneifolia, Regel (syn. B. microphylla, 
4 ey the Altai Mts., Siberia—after Regel, Mon. Bet. (1861) 
t. 7, fig. 18. 

Figure 27.—Leaf of fruiting branch of B. occidentalis, Nutt. (B. fontinalis, 
wy from idaho Springs, Colorado (Engelmann). 

Ficure 28.—Small leaf from fruiting branch of B. occidentalis, Nutt. (B. 
fontinalis, Sargent) from Coulee City, Washington (Lake and 
Hull, No. wn 

Figure 29.—Leaf of y ung shoot of B. occidentalis, Nutt. (B. fontinalis, 
Sargent) AE ne the Black Hills, South Dakota (Rydberg, No. 1006). 

Figure 30.—Leaf of fruiting branch of original material of B. alba, subsp. 
soongorica, B microphylla, Regel, from the Tyan Shan Mts., 
Central Asia (Semenow). 

Ficures 31, 32.—Leaves of fruiting branch of B. occidentalis, Nutt. (B. 
agg Sargent) from Laramie Peak, Wyoming (A. Nelson, 

o. 1647). 


Puate VI, figs. 33 to 38, B. pumMILA. 


Figure 33.—Leaf of sterile shoot of B. pumila from Anticosti, Quebec 
(Macoun). 

Ficure 34.—Leaf of sterile shoot of B. alpestris, Fries, from Lapland 
(Laestadius). 

Fiaure 35.—Tip of branch from Bonne Espérance, Quebec (Allen, No. 70). 

Ficure 36.—Leaves of glabrate form from Bay of Islands, Newfoundland 
(Waghorne). 

Figure 37.—Leaves of B. alpestris, Fries, from Norway—after Lange, Fl. 
Dan., Suppl. t. 37. 


Ficure 88.—Leaves of young branch of B. alpestris, Fries, from Lapland 
(Andersson, No. 186). 


Piate VI, figs. 39, 40, B. GLANDULOSA. 


Fiaure 39.—Leaf of branch from Mt. Washington, New Hampshire (J. A. 
Allen). 
FIGURE at” tase of branch from Hopedale, Labrador (Sornborger, No. 
). 


Puate VI, figs. 41 to 44, B. GLANDULOSA, var. ROTUNDIFOLIA. 


Ficure 41.—Leaf from Mt. Washington, New Hampshire. 
Fieures 42, 43.—Leaves from Nunivak Island, Behring Sea (J. M. Macoun). 
Ficure 44,—Leaf from the Altai Mts., Siberia (ex. herb. St. Petersb.). 


Puate VI, figs. 45, 46, B. nana. 
Figure 45.—Fruiting branch from Grenjadastad, Iceland (Elizabeth Taylor). 
Figure 46.—Scale from same, enlarged three times. 


Puate VI, figs. 47, 48, B. nana, var. MicHauxti. 


Ficure 47.—Fruiting branch from Grand Lake, Newfoundland (Waghorne). 
Ficure 48.—Scale from same, enlarged three times. 
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Art. XXII.—On the Fertile Fronds of Crossotheca and Myrio- 
theca, and on the Spores of other Carboniferous Ferns, 
Jrom Mazon Creek, Lilinois ; by E. H. SELLARDs. (With 
Plate VII.) 


INFORMATION in regard to the spore-bearing organs of Car- 
boniferous ferns has accumulated slowly and with difficulty. 
The parts of the plants are usually disconnected, and more or 
less fragmentary. Dimorphic genera are not uncommon, and 
specimens connecting the fertile and sterile segments or fronds 
are rare. It is usually difficult to correlate genera described 
from microscopic structure with others based on plant impres- 
sions. And yet, a satisfactory knowledge of a considerable 
number of genera and species has resulted from the work of 
the various investigators who have taken up this subject since 
the time of Brongniart. These investigations indicate that 
ferns with the annulus absent or but slightly developed, and 
having other Marattiaceous characters, predominated in the 
Carboniferous, and included a much greater range of form and 
structure than is seen in the living representatives of the 
family. Besides the numerous exannulate ferns, others are 
known with a well-developed annulus, and are, therefore, pre- 
sumably Leptosporangiate. The reference of these fossils to 
their respective families of living ferns is attended with more 
or less doubt. The Hymenophyllacez, Gleicheniaces, Schize- 
acese, and Osmundacez have been recognized with some degree 
of certainty. 

Prof. Renault, of the Museum of Natural History of Paris, 
has recently described Parkerioidea Renault, a genus from the 
Coal Measures of Grand’ Croix, near St. Etienne. The char- 
acter of the annulus, the form of the spores, and the ornamen- 
tation of the exospore have led him to refer this form to the 
Parkeriaces. Certain of the spores show sculpturing, while 
others are smooth and have three radiating lines at the apex. 
The former are interpreted as microspores, the latter as mega- 
spores.* 

The same writer had previously detected what he believed 
to be indications of heterospory in /ecopteris, one of the 
Marattiaceous ferns,t+ as well as in an extinct family of ferns, 
the Botryopterideew.t The evidence of heterospory in the 
Botryopteridez has not been fully accepted.§ The papers on 
Pecopteris and Parkerioidea are mentioned more fal y later 
in the present article, where, in connection with the descrip- 

* Comptes Rendus de l’Academie des Sciences, March 10, 1891. 

+ Ibid., October 21, 1891. Bull. Soc. Hist. Nat., Autun., iv, 1891. 

§$See Scott, Studies in Fossil Botany, p. 289 ; Zeiller, Eléments de Paléo- 
botanique, p. 74. 
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tion of the spores of some Carboniferous ferns, it is pointed 
out: that, as far as the radiating lines (“lines of dehiscence ”) 
at the apex are concerned, they cannot be considered character- 
istic of megaspores. 

The fructification of several genera of Carboniferous ferns 
is well shown in an exceptionally large and complete collec- 
tion from Mazon Creek, Illinois, in the Yale Museum. The 
sporangia are often preserved, and in many cases the spores 
are found in place, and can be removed and studied. In the 
present paper the Mazon Creek representatives of two inter- 
coting genera, Crossotheca and Myriotheca, will be described, . 
together with the spores of some other species. 

n the earlier American literature many of the fertile ferns 
were grouped together without sufficient regard to their true 
generic separation. Sorocladus, as established by Lesquereux,* 
was so broadly defined as to include more than one natural 
genus. S. stellatus was the first of the five species described 
under the genus. Four of the species referred in the “ Coal 
Flora” to Sorocladus had been ie i | laced by Les- 
— in the Tertiary Staphylopteris Presl. Te was probably 

chimper’s objection to considering these forms under Pres]l’s 
genus that led Lesquereux to create a separate genus for them.t 

One of the five original species of Sorocladus, S. ophioglos- 
soides, has been referred by David White to Crossotheca, and 
S. sagittatus was recognized as falling naturally within the same 
genus. 
Crossotheca. 

Zeiller, Ann. Sci. Nat. (Bot.), ser. 6, vol. xvi, 1883. 

Crossotheca is a genus of more than ordinary interest, because 
of its dimorphic fronds, its large marginal sporangia, and large 
spores. Several species are known in Europe, all of Coal 
Measure and Permian age. Besides the two species just men- 
tioned from this country, a third is added in the present paper. 


Crossotheca sagittata. 
Plate VII, figures i-3e, 8. 


Staphylopteris sagittatus Lesq., Geol. Surv. Ill., vol. iv, p. 407, pl. xiv, 
1870. 


. 4-6, 
p,m Bane abbreviata Brongn. ? Lesq., Geol. Surv. IIl., vol. iv, p. 403, 1870 ; 


Second Geol. Surv. Penn., Description of the Coal Flora, vol. i, p. 248, 


pl. xlvi, figs. 4-6a, 1880. 
Sorocladus sagittatus Lesq., Coal Flora, vol. i, p. 329, 1880; Atlas, pl. 


xlviii, figs. 10-100, 1879 ; vol. iii, p. 761, pl. C, figs. 4-5, 1884. 
Pecopteris Fontainei, Lesley’s Dict. of the Fossils of Penn., p. 606, 1889 
text figure. See, also, Lesquereux, unpublished manuscript. 


* Second Geol. Surv. Penn., Description of the Coal Flora, vol. i, p. 327, 


1880. 


Paléont. végét., vol. iii, p. 512. 
Mon. U. 8. Geol. Surv., No. 87, Flora of the Lower Coal Measures of 


Missouri, pp. 60-64, 1899. 
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Crossotheca sagitiata preserves the details of fructification 
much better than the other American species, and illustrates 
well the characters of the genus. The large fertile pinnules 
are expanded at the base in the form of an arrow, thus allow- 
ing greater area for the attachment of the sporangia. The 
small pinnules are slightly or not at all enlarged at the base. 
The upper surface of the pinnule is flat with a distinct median 
line, and with the lateral veins obscured. The sporangia are 
unusually large, measuring 24 to 4™™ in length and $ to 2™™ 
wide. They are placed as seen in figures 1, 2, and 8, in a single 
row around the entire border of the pinnule, free nearly or 
quite to the base, and are often seen filled with spores. 

Figure 2 gives a side view of the pinnule as partly freed 
from the matrix, and showing the full length of the sporangia. 

From a study of the type of the genus, Prof. Zeiller thought 
it probable that the sporangia were united in little clusters at 
the ends of the nerves. The specimens figured and others in 
the Yale collection indicate that in the case of C. sagittata, at 
least, the sporangia are attached side by side in a single row, 
without any tendency toward grouping. The same specimens 
confirm the statements of Zeiller that these are individual spo- 
rangia, since, in the specimens at hand, they are often filled 
with spores, in contradistinction to Stur’s interpretation of the 
fringed pinnules as dehisced sporocarps.* 

Some of the best preserved sporangia show a slit on the 
outer side, as seen in figure 3a, which probably indicates the 
place of dehiscence. 

The sterile part of the frond is very different from the fer- 
tile, so much so that if not found in direct connection their 
relation would hardly be suspected. The pinnules are small, 
rounded, close, oblique, connate, and decurrent at the base, the 
smaller entire, the larger becoming lobate. The ultimate 
pinne are broadly linear-lanceolate, alternate, oblique, and 
close, often touching. The rachis is large and round. The 
midrib of the pinnule is broad, shallow, and decurrent. The 
lateral veins curve regularly to the border, and fork once, 
twice, or three times, according to the size of the pinnule. 
The surface is rough, appearing minutely scaly. Some of the 
veins are heavier than others, giving the venation an irregular 
appearance. 

The extreme apex of the frond is often sterile, the fertile 
pinnules and pinne appearing at some distance below. This 
is not always the case, however, since in the frond figured by 
Lesquereux (“Coal Flora,” volume iii, pl. C, figure 4) the entire 
apical part is fertile. It is not possible to state, on any evi- 


* Abhandl. d. k. k. Geol. Reichsanstalt, Wien, 1885-87, Flora der Schatz- 
laren Schichten, Part I, pp. 273-275. 
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dence at hand, whether the entire frond below the apex was 
fertile, or only a few of its segments. There is no indication 
of sterile segments below the fertile ones, although some of 
the incomplete fronds reach a length of 15 or 16. It is prob- 
able that some of the fronds were entirely sterile, and that 
others were mostly sporangia-bearing, the apical part only 
being, in most cases, sterile. 

The spores of this species are large, from ‘056 to *060™, 
round, and marked at the apex by three distinct radiating 
lines. The exospore is thick, resistant, brownish, and marked 
by minute warty thickenings. 

The sterile fronds were at first doubtfully referred by Les- 
uereux in the “ Coal Flora” to Pecopteris abbreviata Brongn.* 
4 n volume iii of the same work, however, a small part of the 
sterile apex is figured in connection with the fertile frond, and 
David White states that Lesquereux’s unpublished manuscript 
contains descriptions and figures of the two parts in connec- 
tion.t In the Yale collection the fertile and sterile parts are 
shown in direct connection in no less than nine instances. 
(See figure 8.) 


Crossotheca trisecta sp. n. 

VII, figures 4—4c, 9. 

A second and apparently new species is present in the mate- 
rial from Mazon Creek. The sterile part of the frond is much 
like that of C. sagittata, but the fertile pinnules are entirely 

‘ different. The latter are usually trisectate. The central lobe 

: is elongate-ovate, or nearly round, and borne at the end of a 

slender stalk. The lateral lobes are smaller, round, and borne 

on short lateral stalks. A second pair is sometimes borne by 

the larger pinnules. Lateral lobes may be lacking in one or 

two pinnules near the apex of the pinna. The sporangia are 

probably smaller than those of C. sagittata, and are not dis- 

tinetly preserved on either of the two fertile fronds in the 

present collection. The sporangia-bearing lobes have a form 

much like that of the type of the genus C. Crépini, but the 

type species lacks the trilobate appearance of the pinnules, 

and has more finely divided sterile fronds having a different 

type of venation.t C. ophioglossoides from Clinton, Missouri, 
has narrower and longer fertile pinnules. 

The lines on. the upper surface of the pinnule, present on 

other species of the genus, are much more distinct than on C. 


* Second Geol. Surv. of Penn., Description of the Coal Flora, vol. i, p. 
248; Atlas, pl. 46, figs. 4-6, 1880. 

+Mr. White informs the writer that the name Pecopteris Fontainei, sp. 
nov., is given to the sterile fronds of this species in Lesquereux’s manuscript. 

ie the figures of C. Crépini given by Zeiller, Ann. Sci. Nat. (Bot.), ser. 6, 
vol, xvi, 1883, and by Stur under the name of Sorotheca Crépini, Flora der 
Schatzlaren Schichten, pl. xxxv, figs. 3, 4. 
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sagittata, and sometimes branch. The figured specimen is 
15™ long; the first 5 or 6™ are sterile, the remaining pinnse 
being partly or entirely fertile. When detached and in fragments 
the sterile part of the frond is distinguished with difficulty 
from that of C. sagittata. The pinnules are perhaps more 
finely lobate. 

The spores are smaller than those of C. sugit/ata, measuring 
from ‘030 to °036™". They are somewhat triangular, with a 
smooth, thin exospore. 

The name Crossotheca trisecta is suggested for the species. 


Myriotheca. 

Zeiller, Ann. Sci. Nat. (Bot.), ser. 6, vol. xvi, 1883. 

Myriotheca has numerous independent, sessile, round or 
ional sporangia, covering the entire lower surface of the 
pinnule. The genus is represented at Mazon Creek by a single 
species, which apparently is the fern described by Lesquereux 
from Morris, Ill., as Sphenopteris scaberrima,* although the 
rachis is smooth or striate, not punctate as given for that 
species. The round sporangia are very numerous, close, or 
almost contiguous, half immersed im the leaf substance, and 
cover the entire lower surface without any kind of regularity 
of arrangement or grouping. The spores are of medium size, 
measuring from °036 to ‘040™", triangular, with the sides some- 
times slightly concave. The genus is a rare one both in 
Europe and in America. No other species has been reported 
from this country. The genus was founded by Zeiller on a 
single fragment from the Coal Measures of France. The 
European specimen representing the type species, J/. Desaillyi, 
has smaller pinnules with a tendency to become lobate. The 
rata of the American species are nearly round, and larger 
than those of the European species, measuring “40 to *50™". 

Because of the absence of any indication of an annulus, Prof. 
Zeiller included both Crossotheca and Myriotheca with the 
Marattiacee. The large size of the spores and comparatively 
small output to the sporangium are, however, characters not 
met with in the living representatives of that group. The 
position of the sporangia, marginal in Crossotheca, and cover- 
ing the whole lower surface of JMyriotheca, is unusual for 
Marattiaceous ferns. 


Spores of other Ferns from the same Locality. 


At least four other species of ferns in the Yale collection 
have the spores preserved. ll retain their natural brown 
color, and something of their food contents, and, as far as 
appearances are concerned, might be spores from living plants. 


* Geol. Surv. of Illinois, vol. iv, p. 408, pl. xv, figs. 1 and 2, 1870. 
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Some of the larger spores have granular bodies within or cling- 
ing to them, which show a dark spot at the center and some- 
thing of the structure of concentric starch grains. | 

The spores from a large number of fronds of two species 
have been examined in order to find whether or not there were 
indications of more than one kind of spores. The species 
studied were Pecopteris (Ptychocarpus) unita Brongn., and 
the form referred doubtfully by Lesquereux to P. villosa 
Brongn.,* which probably belongs to the Asterotheca division 
of Pecopteris. Both species are extremely abundant at Mazon 
Creek, and the sporangia-bearing fronds numerous. The spores 
of P. villosa are small, measuring only ‘013 to -016™", smooth 
and spherical. The exospore is very thin. The spores of the 
European examples of P. wnita have already been made 
known by Renault.t The spores of the specimens at hand are 
016 to -018™" long, and ‘010 to 011 wide, being elongate or 
bean-shaped when seen from the side. The exospore is thick 
and smooth. The three radiating lines at the apex can be seen 
on some spores. As in other Marattiaceous ferns, the spore 
output to the sporangium in both species was evidently very 
great. The spores from’ many specimens of both species and 
from various parts of the same specimen present no differences 
in structure, size, or sculpturing, that could be interpreted as 
indicating two kinds of spores. It is, therefore, practically 
certain that both were homosporous, and this is exactly what 
might be expected in typically Marattiaceous ferns. The fact 
is of interest in connection with Renault’s paper referred to 
above, in which unusual conditions are observed in one of the 
European species of Pecopteris. The fern described by 
Renault, which is of the Asterotheca division or sub-genus of 
Pecopteris, has one set of spores which are smooth and marked 
at the apex by three radiating lines. These are considered 
megaspores. In the same sorus, and possibly in the same spo- 
rangium, are other spores of about the same size, thought to be 
microspores, which lack the lines at the apex and show struc- 
tures interpreted as the mother cells of antherozoids. 

The second paper by the same author describes somewhat 
similar appearances in Parkerioidea. The megaspores are 
smooth and show the triradiate lines at the apex. The micro- 
spores, found in the same sporangium, lack the lines, and are 
sculptured with a polygonal network. 

The three radiating lines are seen on the spores of all the 
ferns examined by the writer, when viewed from the apex, and 

* According to Mr. Robert Kidston, Fossil Flora of the Radstock Series, 
Trans. Roy. Soc. Edinburgh, vol. xxxiii, Part II, 1886-7, p. 37, P. villosa has a 
doubtful existence, having been established in all probability on a villous 


specimen of P. oreopteridia or a closely related species. 
+ Bassin Houiller et Permien d’Autun et d’Epinoe, Pt. II, p. 10. 
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on both micro- and megaspores of Selaginella, and the Car- 
boniferous Lycopods, as well as on such heterosporous living 
ferns as Marsilea, The tetrahedral division of the spore mother 
cell, of which the three radiating lines are indicative, is well 
known to be extremely constant, not only for the Pterido- 
phytes, but for all those plants commonly grouped under the 
Archegoniatese, and for the microspores of most of the flower- 


e lines, therefore, cannot be considered characteristic of, 
or in any way distinguishing megaspores. Their absence in 
some cases may be due to imperfect preservation, or they may 
be obscured by the view of the spore presented. In the case 
of Parkerioidea, there is some doubt as to whether it is not 
ssible that the spores when seen from the apex present the 
ines and a smooth face, and when seen from the base are sculp- 
tured, the lines being obscured by the thickness of the spore. 

The recent studies of Prof. Bowert have directed attention 
to the importance of the size of the spores and the number to 
the on Bower’s investigations show that among liv- 
ing ferns an increase in the size of the spores, correlated with 
a decrease in the output to the sporangium, accompanies, in a 

eneral way, the advance in development and specialization 
rom the Marattiacee through the various families of the 
Leptosporangiate ferns. The Tittle that is definitely known of 
the spores of fossil ferns supports Bower’s conclusions. It is a 
question, however, how far the size and number of the spores 
may be relied upon to separate Marattiaceous from non-Marat- 
tiaceous ferns. 

The spores of Pecopteris villosa are smaller than those of 
such living Marattiacese as Angiopteris evecta, Kaulfussia, 
Marattia Douglassii, or Danewa moritziana. Crossotheca and 
Myriotheca have much larger spores, comparable in size to 
many of the Leptosporangiate ferns. It is hardly possible, 
with fossil ferns, to count the number of spores to the spo- 
rangium, but it is evident that in the case of Pecopteris unita 
and P. villosa, the output to the sporangium was very great, 
while that of Crossotheca and Myriotheca was comparatively 
small. 

Geological Department, Yale University Museum. 


* See Campbell, University Text-book of Botany, 1902, pp. 199 and 323. 

+ Studies in the Morphology of Spore-Producing Members, Parts III and 
IV, Phil. Trans. Roy. Soc., vol. clxxxix, 1897, pp. 35-81; vol. excii, 1899, 
pp. 29-138. 
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EXPLANATION OF PLATE VII. 


Ficure 1.—Crossotheca sagittata ; part of a fertile frond. The lower and 
the upper pinnules on the right hand side show the expanded 
base. The second pinnule from the base on the same side gives 
the full length of the sporangia. x1. 

Figure 2.—Same species ; a pinnule with the matrix removed to show the 
full length of the sporangia. x 2. 

Figure 3.—Same a a medium sized pinnule seen from the base and 
side. x2. 

Ficure 3a.—A single sporangium. x 4. 

Ficure 3b.—Spores of the same species. x 240. 

Fiaure 3c.—Cross section of a fertile pinnule with sporangia. x 2. 

Ficure 4.—Crossotheca trisecta sp. n.; fertile and sterile parts of frond. x 44. 

Ficures 4a, 4b.—Fertile pinnules of O. trisecta. 

Ficure 4c.—Spore of C. trisecta. x 240 

Fieure 5.—Myriotheca scaberrima ; fertile pinnules. x 2. 

Fieures 5a-5c.—Spores of the same species. x 240, 

Fieures 5d, 5e.—Starch grains from the spores of the same species. x 240. 

Ficures 6a-6d.—Spores of Pecopteris villosa. x 240. 

FIGuRE 7.—Pecopteris unita ; fertile pinna. x 2. 

Figures 7a-7d.—Spores of the same species. x 240. 

Ficure 8.—Crossotheca sagittata; fertile and sterile parts in connection. 

Figure 9.—Crossotheca trisecta ; sterile pinnule. x2. [x 1. 
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Art. XXII.—On the Validity of Idiophyllum rotundifolium 
Lesquereux, a Fossil Plant from the Coal Measures at 
Mazon Creek, Iilinois ; by E. H. SELLARDs. 


THE genus /diophyllum was proposed by Lesquereux for a 
species of Carboniferous plants represented by a single speci- 
men from Mazon Creek, Illinois.* 

The species /. rotundifolium appeared to present characters 
so peculiar that the genus was placed by Lesquereux in his 
classification with the “ Ferns of Uncertain Relation,” and was 

compared with Dictyophyllum, and with dicotyledonous leaves. 


Figure 1.—Obverse of the type of Idiophyllum rotundifolium Lesqx. 


In working over a large collection of plants from the same 
locality, in the Yale Museum, the writer has found the obverse 
side of Lesquereux’s type. The obverse (figure 1) is well pre- 
served, and completely demonstrates the true nature of the 
lant. The fossil represents the distorted apical part of a young 
and not fully expanded fern frond. The tip is pushed to one side, © 
crowding the lateral pinne and partly obscuring the outline of 
the pinnules. The pinnules, however, are much more distinct 
than is represented in Lesquereux’s figure of the counterpart. 
They are 6 to 10™ in length, 3 to 3$"™ in width, alternate, 
obtuse, and somewhat cordate at the basal attachment. The 
rachis is longitudinally striate; the lateral pinne are close, 
oblique, and alternate. In all these characters Zdiophyllum 
rotundifolium agrees with Neuropteris rarinervis Banb., a 


* Second Geol. Surv. Penn., Description of the Coal Flora, vol. i, p. 159; 
Atlas, pl. xxiii, fig. 11, 1880. 
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— common at the locality. The outline and cordate base of 
the pinnules, and especially the faint indication of lobation of 
the upper border, just above the base (figure 2), are characters 
of WV. rarinervis. Although the lateral nervation is mostly 
obscured, there can be little doubt regarding the specific iden- 
tity. The lateral venation shown in figure 2 is taken from 
several pinnules. The lateral pinne are somewhat more 
crowded than is usual for WV. rarinervis, a condition explained 
by the immaturity of the frond. The plant is a difficult object 
to photograph, but the figure here given will perhaps help to 
clear up some of the peculiarities attributed to the fossil. The 
appearance of nerves “sometimes crossing each other in con- 
trary directions and forming by intervention regular quadrate 
or rhomboidal meshes ” is caused by the crowding and overlap- 
ping of the pinnules. 


FicurE 2.—A single pinnule ; showing the characters of Neuwropteris rari- 
nervis Bunb. ; taken from the right side of the specimen. x 2. 


Altogether, it seems evident that the species /diophyllum 
rotundifolium is a synonym of Weuropteris rarinervis, and 
that the genus /diophylium has no status in systematic fossil 
botany. 

Through the courtesy of Mr. David White, the writer has 
recently had an opportunity of examining the type of Jdio- 
phyllum rotundifolium, now in the Lacoe Collection of the 
TTaited States National Museum. The plant is not entirely 
freed from the matrix, the tips of the lateral pinne on the 
right side and at the top being still partly covered. Mr. 
White had also recognized that the fossil represents an imma- 
ture frond, and agrees with the writer that it is Vewropteris 
rariner vis. 


Yale University Museum, Geological Department. 
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ArT. XXIV.—The Precipitation of Ammonium Vanadate 
by Ammonium Chloride; by F. A. Goocn and R. D. 
GILBERT. 

[Contributions from the Kent Chemical Laboratory of Yale University—CX.] 


BERZELIUS was the first to point out and utilize in analysis 
the fact, that when a vanadate in concentrated solution is treated 
with a saturated solution of ammonium chloride, white insolu- 
ble ammonium metavanadate is deposited.* The method of 
treatment was moditied by v. Hauert in that solid ammonium 
chloride was added to the solution of the vanadate, as concen- 
trated as possible, until it failed to dissolve, the mixture allowed 
to stand and then treated with a large amount of strong alco- 
hol, the precipitate filtered off, washed with alcohol, dried, 
ignited in a covered platinum crucible until all ammonium 
chloride was volatilized, and the residue ignited carefully with 
ammonium nitrate. Roscoet was unable to obtain exact quan- 
titative results by this method on account of the solubility of 
the ammonium metavanadate in the alcoholic mixture and the 
danger of mechanical loss during the ignition. Holverscheit 
also, in testing v. Hauer’s method,§ noted loss of vanadium, due 
to solubility of the ammonium vanadate in the alcoholic liquid, 
finding in every case vanadium in the filtrate by means of 
ammonium sulphide or by hydrogen dioxide. In the average 
of six determinations Holverscheit found a loss of 0°0015 grm. 
calculated as V,O,. Another modification of the method was 
proposed by Ditte,| who, finding that precipitation by an excess 
of ammonium chloride was complete in a solution made color- 
less by boiling with free ammonia, attributed the deficiency in 
the amount of V,O, found after precipitation under the pre- 
scribed conditions, to volatilization of the vanadium during igni- 
tion under the influence of ammonium chloride, and endeavored 
to avoid liability to such error by making it certain that no 
ammonium chloride should remain with the metavanadate at 
the time of ignition. To this end, the solution made colorless 
by boiling with ammonia was cooled to 30°-40°, nearly satu- 
rated with ammonium chloride and finally treated with four 
or five times its volume of alcohol ; the precipitate thus thrown 
down was filtered off, washed with absolute alcohol until free 
from ammonium chloride, dried and ignited, the carbonized 
residue having been washed with nitric acid before the final 
ignition. Holverscheit’s criticism of Ditte’s process consisted 
in showing that losses which may occur in the ignition, and 
* Ann. Phys. xcviii, 54, 1831. + Jour. Prakt. Chem., lxix, 388. 

‘due Chem. Suppl., viii, 101. § Inaug. Diss., Berlin, 1890, p. 11, et seq. 
Compt. Rend., civ, 982. 
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which were found to be trifling when care was used, are 
mechanical and not due to volatilization ; and, secondly, that in 
his experience the average error of seven trials resulted in a 
loss of 0°0029 grm. whether upon 0°1398 grm. or 0°2796 grm. 
of V,O,. Holverscheit rejects both the method of v. Hauer 
and that of Ditte as inexact on account of the solubility of the 
ammonium metavanadate. 
_ In 1883,* previous to the proposal of Ditte, Wolcott Gibbs 
applied in the determination of vanadic acid in the vanadio- 
molybdates (and sometimes in vanadio eee gomnces another and 
much simpler moditication of the method of Berzelius. Gibbs’ 
method consists in boiling the double vanadate with ammonia 
(to convert the complex salt into a mixture of vanadate and 
molybdate), adding a saturated solution of ammonium chloride 
in large excess, concentrating the liquid kept alkaline with 
ammonia to a small volume, standing twenty-four hours, col- 
lecting the precipitated ammonium vanadate upon an asbestos 
filter in a perforated crucible, washing with a cold saturated 
solution of ammonium chloride, and, either igniting the pre- 
cipitate and weighing the residue of V,O, upon the asbestos, 
or dissolving the precipitate with boiling water, reducing to 
the condition of V,O, and titrating by permanganate. This 
method is called in question by Rosenheim,+ who gives analyt- 
ical results of certain experiments which, according to Rosen- 
heim’s description, are not at all upon the lines laid down by 
Gibbs. In the first place nothing is said by Rosenheim as to 
concentrating the mixture to a relatively small volume after 
adding asaturated solution of ammonium chloride in very large 
excess; and in the second place Gibbs did not make the final 
washing with dilute alcohol, as Rosenheim says he did, but 
finished the washing with a cold saturated solution of pure 
ammonium chloride. Rosenheim’s variation of the experi- 
mental procedure in these important particulars, vitiates his 
conclusions with regard to the precipitation of vanadic acid 
from solution by ammonium fre e, that “small amounts 
nevertheless remain, as Roscoe rightly affirms, in solution.” 
Rosenheim’s opinions of the method are echoed by Milch,t 
Liebert§ and Euler.| 

We have thought it desirable, therefore, to investigate anew 
the question as to whether the precipitation of ammonium 
metavanadate by ammonium chloride is complete enough to 

lace that mode of separating vanadic acid from solutions of 
its salts within the list of good analytical methods. 

The ammonium vanadate used in our experiments was ana- 

* Proc, Am. Acad., x, 242, 249; Am. Chem. Jour., v, 371, 378. 


Inaug. Diss., Berlin, 1888. Inaug. Diss., Berlin, 1887. 
Inaug. Diss., Halle, 1891. Inaug. Diss., Berlin, 1895. 
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lyzed by the iodometric method of Holverscheit,* and found to 
contain 76°14 per cent of V,O,,. 

The ammonium chloride employed was shown to be pure 
and free from iron by heating a solution of it to boiling, adding 
bromine water and a slight excess of ammonia, and filtering. 
No residue whatever remained upon the filter. 

In each experiment a weighed portion of ammonium vana- 
date was put in a small beaker and heated with about 25° of 
water and a few drops of ammonia upon the steam bath until 
solution was complete. To the solution were added 25° of a 
cold saturated solution of ammonium chloride and a few drops 
of ammonia. The mixture remained upon the steam bath, 
with addition from time to time of a little ammonia to kee 
the metavanadate of normal composition and colorless, until 
the volume had been reduced to about 25°, and was then cooled. 
On cooling, a small amount of ammonium chloride crystallized 
out, but only a little if the proportion had been properly 
adjusted. If too large an amount of ammonium chloride 
crystallized out, it was nearly redissolved by the cautious addi- 
tion of ammonium hydroxide. The mixture was allowed to 
stand twenty-four hours to insure complete crystallization of 
the ammonium metavanadate, and was then filtered on a weighed 
asbestos filter and perforated crucible, the precipitate being 
transferred and washed with a cold saturated solution of 
ammonium chloride. Crucible and precipitate were heated, at 
first very gently to drive off the ammonium chloride without 
occasioning mechanical loss of the vanadium, and finally to 
redness and fusion of the pentoxide remaining. At the outset 
some difficulty was occasionally found in removing from the 
walls of the beaker the adherent crystals of ammonium vana- 
date, but this difficulty was overcome, in the experiments 
recorded, by the device of forming upon the walls of the 
beaker before using it a film of paraffin of extreme thinness by 
rinsing the beaker with a dilute solution of paraffin in naphtha 
(0°5 gram. of paraffin in 300° of oe and allowing the 
naphtha to evaporate. Crystals of the vanadate adhering to 
the walls of the beaker thus previously prepared, are easily 
removed by means of the ordinary rubber or “ policeman.” 
Table I contains the record of six consecutive experiments 
made after some preliminary study of the method. The 
washings and filtrate. were in several instances acidified with 
hydrochloric acid and tested with hydrogen dioxide without 
giving indication of the presence of vanadium. 

These results are sufficient to show that the method of Gibbs 
is capable of yielding an analytical separation of value, but as 
Gibbs pointed out it is ordinarily preferable to estimate the 


* Inaug. Diss., Berlin, 1890, p. 49. 
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TaBLeE I. 
NH,VO; taken. V.O; present. V0; found. Error. 
grams. grams. grams. grams. 
0°5 0°3807 0°3814 0°0007 + 
0°3818 0°0011+ 
05 0°3813 00006 + 
0°3808 0°0001 + 
0°5 0°3808 0°0001 + 
05 0°3799 0°0008 — 


vanadium by volumetric means rather than to go through the 
tedious and exacting process of ignition to recover the vana- 
dium pentoxide. Gibbs used the method of reduction by 
hydrogen sulphide, and titration of the tetroxide by perman- 

nate, but for the purpose of testing the method we have 
thought it best to use the same method for determining the 
metavanadate separated which was used to determine the com- 
position of the vanadate taken, viz., Holverscheit’s iodometric 
method. In the beginning some trouble was experienced in 
the proper handling of the separated vanadate for this purpose. 
To dissolve the precipitate in hot water introduced too much 
hot water into the distilling flask ; filtering on paper and then 
putting paper and vanadate into the flask together introduced 
an error, due probably to the action of the freed bromine upon 
the paper. The difficulty was tinally overcome satisfactorily 
by collecting and washing the separated ammonium metavana- 
date upon asbestos felt deposited upon a perforated platinum 
cone of considerable size,* rolling up the felt enclosing the 
crystals of vanadate, then putting asbestos and vanadium into 
the distillation flask, without addition of any water, ready for 
the addition of potassium bromide and hydrochloric acid 
according to Holverscheit. The use of so much asbestos made 
it difficult, however, to boil the mixture of acid, bromide, vana- 
dium and asbestos, so recourse was taken to heating this mix- 
ture in the hot air chamber of a high temperature paraffin bath. 
The mass of asbestos made it necessary to use more hydro- 
chloric acid to overcome the viscosity of the mixture, and the 
use of so much acid introduced the element of danger that the. 
volatilization of the acid to the receiver containing potassium 
iodide mig, in presence of air, set free iodine outside the 
reaction of the process; so the flask was connected with a car- 
bon dioxide generator, and the operation was carried on in an 
atmosphere of carbon dioxide. With the exception of the 
paraffin bath substituted for the burner as a source of heat, the 
arrangement of the apparatus is shown in the accompanying 
figure. Following with 1-5 grams of potassium bromide, the 
introduction of asbestos and vanadate, the distillation flask B 


* Am. Chem. Jour., vol. i, p. 320. 
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was connected, as shown in the figure, with the receiver charged 
with a solution of 2°5 grms. of potassium iodide in boiled water, 
and the apparatus was filled with carbon dioxide. The stop- 
cock of A was closed, the bulb of A was charged with 50™°* of 
strong hydrochloric acid, the connection with the carbon diox- 
ide generator was again made, with care to displace all residual 
air from the bulb. The acid was introduced into B by opening 
the stopcock and, in a gentle current of carbon dioxide, the 
heating was continued an hour after the development of color 
in the receiver showed that bromine was coming over from the 


flask. The iodine set free in the receiver was titrated with 
sodium thiosulphate standardized against iodine of value known 


a arsenious acid. The standard of the 


ammonium vanadate taken, as determined by the Holverscheit 
method in its simple form, was found to be unchanged when 
portions of the salt were treated according to the modification 
necessitated by the presence of so much asbestos in the trial 
tests, viz., in presence of more acid and in an atmosphere of 
carbon dioxide. 

In this manner the determinations of the following table 
were made: 


by comparison with 


TaBLe II. 
Standard 

NH,VO; taken. Na.S.0;3 used. V0; found. Error. 
grams, cm? grams. grams. 
0°1000 8°35 0°0760 0°0001— 
0°1000 8°39 0°0764 0°0003 + 
0°1000 8°38 0:0763 070002 + 
0°1000 8°37 0°0962 0°0001+ 
0°1000 8°32 0°0757 0°0004— 
0°1000 8°25 0°0751 0°0010— 
0°1000 8°36 0°0761 0°0000 


0°1000 8°33 0°0758 


AZ 
| 
PA 
0°0003— 
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These results, representing determinations of the vanadium 
pentoxide in the ammonium metavanadate after separation by 
the same method used in determining the amount of pentoxide 
in the vanadate taken, abundantly confirm the conclusions 
reached by a consideration of the results of Table I. 

So it appears that the criticism of Rosenheim, obviously 
made under a misapprehension of the details of the Gibbs 
method, to which Mi ch, Liebert and Euler give their acqui- 
escence, is unfounded. The process of Gibbs gives a practically 
complete precipitation of ammonium vanadate, when to the 
solution of the soluble vanadate such an excess of ammonium 
chloride, with a little ammonia, is added, that the solution, after 
concentration and cooling, deposits ammonium chloride, and 
the mixture is allowed to stand twenty-four hours. Should 
too much ammonium chloride for convenient handling crystal- 
lize out on cooling, this is to be redissolved by the careful 
addition of ammonia; but care should be taken that after 
standing, a little solid ammonium chloride and free ammonia 
should still remain in the mixture. The precipitated ammo- 
nium vanadate is to be washed with a cold saturated solution 
of pure ammonium chloride, and the vanadium in the vanadate 
determined by any appropriate means. Volumetric processes 
are to be preferred to the slow ignition. We do not recom- 
mend as a suitable procedure for ordinary use the complicated 
modification of the Hetvovsshelt method, which was employed 
in this investigation in order that the same method of determi- 
nation of vanadium might be used before and after the separa- 
tion process. Reduction as suggested by Gibbs, and titration 
by permanganate or the iodimetric estimation of Browning,* 
should be of service in ordinary cases. 


* Zeitschr. Anorg. Chem., vii, 158. 
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Art. XXV.—Some Additions to the Alunite-Jarosite Group 
of Minerals ; by W. F. HILLEBRAND and 8. L. PENFIELD. 


CONCERNING two new varieties of jarosite which will be 
described in the present communication, one is from Nevada, 
and was collected by Mr. H. W. Turner of the United States 
Geological Survey and sent to the survey laboratory at Wash- 
ington for identitication ; the other is from New Mexico, and 
was sent by Mr. J. H. Porter of Denver, Colorado, to the 
Mineralogical Laboratory of the Sheffield Scientific School. 
Except for slight differences in color the two minerals look 
exactly alike, each consisting of minute, isolated, tabular erys- 
tals, which, as may be seen with the microscope, consist of coim- 
binations of a rhombohedron with largely developed basal 
planes. By chance it happened that the present writers dis- 
covered that they were both engeged in the investigation of 
compounds belonging evidently to the same group, and it was 
decided to bring the results together into one paper. 


Natrojarosite. 


The material collected by Mr. Turner was obtained on the 
east side of Soda Springs Valley, Nevada, on the road from 
Sodaville to the Vulean Copper 1 
Mine. It consists of a glistening 
sce ti made up of perfect crystals 

aving the habit shown in figure 1, 
although generally only one rhom- 
bohedron, 7, is present instead of 
two, as shown in the figure. The 
largest crystals observed were 0°15™™ 
wide and 0:025™" thick, and the 

eneral average would not be over 
ialf that size. In spite of being so 
minute, however, it was possible to 
measure the angles of the crystals 
with the reflection goniometer, the 
chief difficulty arising not so much 
from their small size as from the 
vicinal character of the basal planes. 
After repeated trials a crystal was 
found having a fairly good basal 
plane, and from this erystal the following angles were obtained : 


18° 26° 


Calcu- 

Measured. Measured. iated. 

Car, 0001, 1011=51° cas, 0001 ,9221=68° 42’ 68° 35’ 
car, OOOLAI10I=51 538 cas’, 0001, 2021=68 48 


car’, 0001LA0111=52 26 rar, 5 85 54 
Am, Jour. Sci.—Fourt Series, VoL. XIV, No. 81.—Seprember, 1902. 
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The crystals belong to the rhombohedral division of the 
hexagonal system, cad the angle car, 51° 53’, which is prob- 
ably very nearly correct, has been assumed as fundamental, 
and from it the following axial ratio has been calculated : 


e = 1°104, 


That the axial ratio as given is very near the truth is shown 
by the fact that the measurements of cas and rar do not 
vary many minutes from the calculated values; while on a 
number of other crystals, measurement of the angle car, 
though varying considerably, was found to be not far from 52°. 
The angles of car and ra?’ of the ordinary potassium jarosite 
are 55° 16’ and 90° 45’, respectively. 

Under the microscope the crystals exhibit normal optical 
properties. Using a high power lens and convergent light, the 
thicker crystals show the dark cross and the beginnings of the 
first ring of the interference figure. The birefringence is 
negative. The color of single crystals, when seen under the 
microscope in transmitted light, is golden-yellow. Many of 
the crystals show numerous brown inclusions. The color 
shown by a mass of the crystals is yellowish-brown, and the 
material glistens, owing to reflections from the basal planes of 
the minute crystals. 

The material used for the chemical analysis was the purest 
that could be obtained, although crystals containing the brown- 
ish inclusions just mentioned could not be avoided, and there 
were occasional brown ferruginous particles mixed with the 
erystals. The specific gravity of the material was found to be 
3°18 at 30°5° C. The results of the analysis by Hillebrand are 


as follows : 
Ratio. 
0°319 3°29 
0°35 0°004 
sé 0°387 4°00 


0°613 6°33 


The ratio of Fe,O,: Na,O: SO,: H,O is evidently 3:1: 4:6 
as in ordinary jarosite, where the alkali is potash instead of 

*Of the soda ‘22 per cent is not extracted by hot water after full ignition 
of the mineral and hence may belong to a feldspar or some other foreign 
mineral. Only 5°81 per cent is assumed to belong to the jarosite and used 
in deriving the molecular value. 


H,O below 105°....-. 0°12 
H,O above 105° ..... 11°03 

99°94 
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soda. The slight excess of Fe,O, and H,O, as indicated by the 
ratio, is evidently due to some ferric hydroxide ; probably the 
dark ferruginous impurities seen under the microscope are in 
part responsible for this, and there are also traces of some 
arsenate and silicate present. Regarding the excess of Fe,O, 
and H,O as due to impurities, it is found that 94 per cent of 
the material analyzed may be regarded as pure natrojarosite, 
as indicated below : 


After deducting Theory for 
impurities. Na,Fe,[OH 

ee 46°43 or 49°39 49°49 
581 “ 6°18 6°39 
32°99 
10°45 “ 11-12 1113 
94°00 100°00 100°00 


That six per cent of impurities should be present in a crys- 
talline powder such as analyzed is not surprising, when it is 
taken into consideration that it would require something like 
2,500,000 crystals to make one gram of material, the estima- 
tion being based on the assumption that the crystals are 0°10™" 
in axial diameter and 0-02™" thick, which is certainly above 
their average size. 

Among the specimens from Cook’s Peak, New Mexico, sent 
to the Sheffield Laboratory by Mr. Porter, were sorae masses 
of a rather firmly cemented aggregate of minute crystals of a 
mineral of the jarosite group. The specimens are of a brown- 
ish-yellow color, and have in places the glistening appearance 
of a mica-schist. They also look as though they had been sub- 
jected to pressure and had been somewhat sheared. The 
material is rather easily crushed, and the powder when exam- 
ined with the microscope exhibits the properties of the natro- 
jarosite just described. The crystals are associated with a little 
limonite and quartz, and pure material for analysis could not 
be obtained. Only a partial analysis, therefore, was under- 
taken with the following results : 


SO, and H,O were present but not determined. The results 
are sufficient to indicate that the material is essentially natro- 
jarosite. 
Plumbojarosite. 
This material is from Cook’s Peak, New Mexico. It occurs 
as a glistening, crystalline powder and as loosely cohering 
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masses which may easily be crushed by pressure between the 
fingers. The crystals are very symmetrical, and are exactly 
like those of natrojarosite, figure 1, although generally only 
one rhombohedron » is present. On the average the crystals 
are a trifle smaller and noticeably thinner than in of natro- 
jarosite. A number of crystals were measured on the reflect- 
ing goniometer, the chief difficulty. arising rather from the 
vicinal character of the faces than from their small size. One 
unusually large crystal, 0°28™" broad and 0°015™™ thick, was 
finally found, having the development shown in figure 2, which 
is unusual, for generally 7 (1011) and 


, | not s (0221) is the prevailing rhom- 
bohedron. Fortunately the crystal 

“Sle >» was so taken up on a minute point 
2, ;, of wax that the measurement of 


sas in three rhombohedral zones 
was possible. The results of five measurements of sas over 
the upper and lower pole edges varied between 109° 5’ and 
109° 30’, the average being 109° 16’; while six measurements 
over the middle edges varied between 70° 10’ and 71° 00’, the 
average being 70° 36’. The average of the two supplemen- 
tary-values gives ss, 2201, 0221 = 109° 20’, which has been 
assumed as fundamental, and from it the following axial ratio 
has been calculated : 

= 1216, 


On the crystal from which the foregoing measurements were 
obtained the basal plane was vicinal and hence no reliable 
measurements of cas could be had from it. On a number of 
other crystals, however, the angle of car was measured with 
varying results, the variation resulting from the uncertainty of 
the reflections from the basal planes. Four measurements of 
car, which were recorded in the note-book as derived from 
the best reflections, varied between 54° 15’ and 54° 44’, the 
average being 54° 30’, while ca7, 00011011, by calculation 
from the fundamental measurement, is 54° 32’. Hence it may 
be assumed that the axial ratio as established is reasonably 
exact. The calculated value of rA7, 101141101, is 89° 42’. 
In polarized light the crystals exhibit normal optical prop- 
erties and negative birefringence. Being on the average thin- 
ner than crystals of natrojarosite, it is seldom that, with the 
highest powers and convergent light, even the beginning of 
the first ring of the uniaxial interference figure is visible. 
Individual crystals show under the microscope in transmitted 
light a golden-yellow color. A mass of crystals has the appear- 
ance of a glistening dark-brown powder, the color being | 
decidedly darker than that of natrojarosite. 


| 
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The analysis of the mineral was made on the very best 
material, having a specific gravity of 3°665 at 30°C. The 
results are surprising, and were wholly unlooked for, since it is 
found that this jarosite contains lead in the place of alkalies. 
The results by Hillebrand are as follows : 


. Ratio. 
08 ‘ll 10 0°001 
19°99 19°89 19° 0°089 1°05 


27°05 27°07 0°338 4°00 
02 . 

H,O above 105° 9°59 0°530 6°27 
SiO 


100°15 


The ratio of Fe,O,: PbO:SO,: H,O is very close to 3:1:4: 6, 
indicating that the mineral is a variety of jarosite, and the slight 
excess of Fe,O,, H,O, and PbO+ alkalies, may be accounted 
for by assuming that slight impurities are present, partly 


ferric hydroxide, in part some lead salt, and yey a soluble 


silicate, as shown by the complete solubility of the silica in 
acids. Assuming that the ratio is exactly 3: 1:4:6, it is found 
that 4°36 per cent of impurities are present, and the remaining 
95°64 per cent may then be regarded as plumbojarosite, as 
follows : 
Theory for 

or 42°44 

19°72 

28°29 

9°55 


100°00 


Since it took probably 2,500,000 crystals of natrojarosite to 
make one gram of material, it certainly must have taken fully 
4,000,000 to make a gram of plumbojarosite, for the crystals of 
the latter mineral, though somewhat heavier, are decidedly 
thinner than those of the former; hence the presence of 4°5 


*The presence of alumina was not definitely proved. The figures here 
given are the differences between the several weights of the ammonia pre- 
cipitates and those of the ferric iron in them, as determined by permanganate 
after reduction by hydrogen sulphide. 

+ Probably somewhat high. 


1. 
Fe,O, ....--. 42°36 
"12 
17 
3 ‘ 
27 27 
‘01 ‘Ol 
95°64 
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per cent of impurities in such a crystalline product is not to be 
wondered at. 
Jarosite and Alunite. 

As seen from the analyses of these minerals which have been 
published, the alkali metal they contain is almost always potas- 
sium, though sodium is at times present. The formulas assigned 
to the two minerals are therefore K,O0+3Fe,0,+4S0,+6H,O 
and K,0+3A],0, + 48O,+6H,O, which may be variously 
expressed, as will be indicated later. 

A mineral corresponding to natrojarosite of this article, 
though containing a little potash, has been described by W. P. 
Headden* from the Buxton mine, Lawrence Co., 8. D. The 
crystals are described as scales, consisting of a combination of 
base and rhombohedron. The material analyzed was evidently 
somewhat impure, as quartz and some As,O, are reported. As 
the As,O, evidently ss not belong to jarosite, the assump- 
tion may be made that some scorodite, FeAsO,2H,0, is present, 
and the results of _Headden’s analysis may then be interpreted 


as follows: 
Original Scorodite Natro- 


; analysis. and quartz. jarosite. Ratio. 
46°27 44°67. or «5010 3°18 
4°35 435 “ 4°86 
1°47 147 185+ 1-04 
28°46 28-46 “ 31°93° 4-00 
1055 "72 983 “ 11°02 613 
dike 236 - 2°26 

99°95 10°78 89°17 100-00 


Thus, assuming the presence of 4°68 per cent of scorodite and 
6°10 of quartz, and deducting them, the remainder agrees very 
closely with natrojarosite, giving a good ratio, very near 
3:1:4:6. 

Alunite containing considerable soda has been described b 
W. Crosst from Rosita Hills, Colorado, and by E. B. Hurl- 
burtt from Red Mountain, Colorado, and analyses of both 
minerals show about equal percentages of K,O and Na,O, ora 
molecular ratio of K,O0: Na,O = 4:7. The occurrence, there- 
fore, of sodium in the jarosite-alunite group is in accordance 
with previous observations, but the case is quite different with 
lead. As far as the present writers are aware, this is the first 
instance on record where lead has been observed isomorphous 
with the alkali metals. It is interesting to note that the alunite 
from Red Mountain, Colorado, occurs as a crystalline powder, 


* This Journal (8), xlvi, p. 24, 1893. Ibid. (8), xli, p. 472, 1891. 
t Ibid. (8), xlviii, p. 180, 1894. 


Alunite-Jarosite Group of Minerals. 217 


the crystals being exactly like those of natrojarosite and plum- 
pi a tg. except that they are a trifle smaller and white, or 
colorless when seen under the microscope. 

From a chemical standpoint the most interesting feature 
of the new minerals is the light they throw upon the iso- 
morphism of potassium, sodium and lead. Ordinarily, even 
potassium and sodium are not isomorphous, as shown by the 
fact that their simple salts seldom crystallize in the same form. 
Although KCl and NaCl both crystallize in cubes, it is not 
certain that both salts belong to the same group of the iso- 
metric system. It has been shown, for example, by etching, 
that KCl crystallizes like NH,Cl in the plagihedral group of 
the isometric system, while the etchings produced on halite 
seem to indicate that it crystallizes in the normal group. 
Again at Stassfurt, Germany, sylvite and halite both occur 
crystallized side by side upon the same hand specimen, instead 
of mixing as isomorphous molecules. Even in such complex 
molecular compounds as the feldspars, the potassium and 
sodium salts crystallize as orthoclase and albite, rather than as 
isomorphous mixtures. Lastly potassium has a strong tend- 
ency to form alums which is not shared by sodium. In con- 
trast to these differences in chemical nature, we have in the 
jarosite-alunite group of minerals not — the alkali-metals, 
—— and sodium, but, what seems still more remarkable, 

ad, playing the same réle in the compounds, and yielding 
crystals which are surprisingly alike in all their a pen prop- 
erties. The writers can at present offer no other reason for 
the isomorphism in the group of minerals under consideration 
than that the alkalies and lead play so small a rdle, and the 
remaining constituents so prominent a part in the complex 
chemical molecules, that the latter control or dominate the 
crystallization by virtue of what may be called their mass effect. 

The alunite from Red Mountain, described by Hurlburt, 
was analyzed in the Sheffield Mineralogical Laboratory under 
the direction of one of the present writers, and it was found 
that water was first expelled from the compound at a rather 
high temperature, thus indicating that the mineral contains 
hydroxyl and no water of crystallization: accordingly it was 
shown that the seemin heer formula of the mineral, 
expressed by the ratio Al ,: K,O:SO,: H,O = 3:1:4: 6, may 
be much simplified to K[ Al(OH),],[SO,],. In the light of the 
present investigation it now seems best to abandon the above 
simple formula and adopt one containing double the number 
of atoms, in order to make clear the isomorphism between K,, 
Na, and Pb. The formulas of the minerals of the group 
would then be expressed as follows : 


| 
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Natroalunite, Na,[ Al(OH),| or Na,Al 
Jarosite, K,[Fe(OH), ov K,Fe,OH 


In the case of the lead compound one atom of lead, and in 
the others two atoms of either potassium or sodium, are com- 
bined in complex molecules containing fifty other atoms; 
hence that the complex of fifty atoms, to the right of the K,, 
Na, and Pb in the foregoing formulas, should control or domi- 
nate crystallization by virtue of mass effect, and condition an 
isomorphism between such unlike elements as sodium, potas- 
sium and lead, is not so surprising as would at first appear. 

Having adopted the double formulas, as given above, there 
are numerous ways of writing developed formulas, of which 
the following are perhaps the simplest and most satisfactory : 


O=8=0 
HO 
HO OH 
Ho>Fe—0—; S—O —Pb— O— 8 — O—Fe<on 
o sZo 
HO SFe—0—S—O—Fe<?) H 


HO. OH OH 


It is interesting to note that although K,, Na, and Pb play so 
small a rdle in the alunite-jarosite molecules, the substitution 
of Na, for K, is attended by quite a marked variation in the 
angles ‘of the crystals, greater in fact than is generally observed 
in “isomorphous replacements. That alunite and jarosite con- 
taining potash would be nearly alike in their angles is expected, 

since crystals of corundum and hematite are surprisingly alike 
as shown by the following comparison : 


Axial length. rar Car 


Corundum, Al,O, .... 1°3630 93° 56’ 57° 34’ 
Hematite, Fe,O,- 1°3656 94 00 57 37 


0’ 0 ‘o 
HO 
SFe—0\,_/ 20—Fec 
HO s4o-K K.O—S On 
| 
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The relations of the minerals of the alunite-jarosite group 
are as follows: 


Axial length. rar Car Birefringence. 
Alunite ........ 1°252 90° 50’ 55° 19%’ positive 
Jarosite ........ 1°245 90 45 55 16 negative 
Natrojarosite _.. 1°104 85 54 51 53 negative 
Plumbojarosite.. 1°216 89 42 54 32 negative 


From the foregoing table it is seen that the substitution of 
sodium for potassium in jarosite has brought about greater 
variation in the angles of the crystals than the substitution of 
the bivalent metal lead for potassium. 

The three minerals, natrojarosite, plumbojarosite and the 
Na-K-alunite from Red Mountain, are very interesting when 
studied together as microscopic mounts, the crystals being 

ractically alike in size and development, aud illustrating very 
eautifully on the one hand the isomorphism of aluminum 
and iron, on the other the isomorphism of potassium, sodium 
and lead. The three substances must have formed under like 
conditions, and it is believed that they are solfataric products, 
formed under the combined action of heat and pressure. 
Being difficultly soluble, they have formed, like many precip- 
itates, as fine crystalline powders. 

The three products just mentioned, when heated in closed 
tubes behave alike; they suffer no change on gentle heating, 
but when the temperature is sufficiently high to decompose 
the chemical molecules, the crystals break up into fine powder 
or dust, which is carried along by the escaping vapors and 
deposited for a considerable distance along the sides of the 
tubes. In addition to water, SO, and SO, are copiously given 
off during decomposition. In the case of natrojarosite, and 
the same would doubtless hold true for the Na-K-alunite, it is 
found that after ignition, one-fourth of the sulphate radical has 
been retained by the alkali metal, and may be extracted by 
water. In the case of plumbojarosite, however, all of the sul- 
phate radical is expelled by ignition, doubtless because the 
ferric-oxide present serves to decompose any lead sulphate 
which might have a tendency to form. Anglesite, PbSO,, 
when heated’ alone in a closed tube suffers no decomposition, 
but when finely triturated with limonite and beated, acid water 
is given off. Finely powdered natrojarosite and a. 
site are slowly but completely soluble in boiling hydrochloric 
acid. Plumbojarosite when fused with sodium carbonate on 
charcoal yields globules of lead and a coating of lead oxide. 

It has seemed to the writers best to designate the new com- 

unds described in this article as natrojarosite and plumbo- 
Jarosite, the names signifying their relation to a well known 
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species. Other members of this group will doubtless be 
found, and the name natroalunite might be employed to 
designate the two varieties of alunite from Colorado men- 
tioned on page 216, where the proportion of the soda to the 
potash molecule is 7:4. It is highly probable that a series of 
alunite-jarosite compounds could be made artificially. 

It is with pleasure that the writers acknowledge their indebt- 
edness to Messrs. Turner and Porter for yes. attention to 
the interesting compounds described in this article. 

Laboratories of the U. S. Geological Survey, Washington, and of the 


Sheffield Scientific School. Yale University, New Haven, 
Feb., 1902. 
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Art. XX VI.—The Niagara Limestones of Hamilton County, 
Indiana; by Epwarp M. KINDLE. 


Hami.Ton County is located slightly north of the geographi- 
cal center of Indiana. The drift in this part of the State is so 
deep that the Paleozoic rocks are rarely exposed at the surface. 
Only a few outcrops occur in the county. The most extensive 
exposure is the one at Connor’s mill on White river, five miles 
above Noblesville. Two small quarries southwest of Fishers- 
ville afford an equally good opportunity to study the Paleozoic 
rocks of the county. Several days were spent by the writer in 
collecting from the beds exposed at these two localities. 

Connor’s mill.—The outcrop at Connor’s mill consists of a 
hard, light buff dolomite, which is exposed for two or three 
hundred yards below the dam. The beds show a dip of 20° to 
40° to the southwest. Above the dam one-third of a mile the 
limestone outcrops again, dipping 30° to the northwest. 

The following is a list of fossils collected from beds exposed 
below the dam: 


Streptelasma of. calicula 
Eucalyptocrinus ef. 
Conchidium multicostatum a. 
Stropheodonta profunda © 
Trematospira camura........ 
Dalmanella elegantula .. .. .... 
Ploctambonites of. sericea .... 
Platyostoma ef. niagarense 
Spherezochus a. 
Calamene niagarensis C. 
Fincrinurus sp... ...--. - 


Fishersburg quarries.—Southwest of Fishersburg one-half 
mile a very pure white sandstone has been quarried for glass 


* The species listed will be described and figured in a future paper. 


:. 
‘hed 
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Figure 2.—Fishersburg quarry, showing unconformity between Niagara 
limestone and underlying sandstone. 
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making. It is a fine-grained, massive, loosely-cemented rock, 
crumbling easily. A buff dolomite, having the same lithologi- 
cal characteristics as the outcrops at Connor’s mill, rests upon 
the sandstone. The line of contact between the two forma- 
tions is clearly shown in the quarry and is seen to be a very 
irregular one, resembling unconformity. The sandstone is 
believed however to be a local lense. Such lenses are known 
at other localities in the State where both the upper and lower 
contact with the Niagara limestone is clear. Te limestone 
on either side of the projecting mass of sandstone extends 
below the surface of the pool which fills the quarry. The 
limestone beds show a dip of about 35° to the north. 

A careful search failed to discover any fossils in the sandstone. 

The fauna of the limestone as well as its physical characters 
indicate that it belongs to the same formation as the beds at 
Connor’s mill. 

A comparatively short time was spent in collecting from the 
Fishersburg quarries, and for this reason the following list of 
fossils from that locality includes fewer species than the pre- 


ceding list: 


Streptelasma ef. calicula 

Favosites niagarensis 

Spirifer ef. radiatus 

Conchidium multicostatum 

Reticularia ef. bicostata 

Nucleospira pisiformis 

Leptuena rhomboidalis 

Spherexochus romingeri 

Phacops ef. trisuleatus 


Correlation.—Richard Owen described the outcrop at Con- 
nor’s mill in his report published in 1863,* but offered no 
opinion as to the age of the beds. The earliest reference to 
the age of these beds occurs in a report on the geology of 
Hamilton county+ by Dr. R. T. Brown, who considered them 
to be of Devonian age. No paleontological evidence was 
offered in support of this opinion, the author of the report 
stating that “the outcrops of rock in Hamilton county are 


* Rep, Ind. Geol. Surv. for 1859-62, p. 102. 
+ 14th Ann. Rep. Ind. Geol. Surv., 1884, p. 27. 
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quite barren of fossils.” In 1901* the limestones at Connor’s 
mill and near Fishersburg were referred by the writer to the 
Niagara, but the paleontological evidence for this determina- 
tion was not given. The faunal lists here given clearly show 
the Niagara age of these beds. The Lockport (Niagara) lime- 
stone is their probable equivalent in the Niagara group. 

The Hamilton county outcrops are the most southern expos- 
ures in the State which show highly tilted Niagara strata. 
The orogenic disturbances, which caused a general tilting of 
the Niagara rocks in northern Indiana previous to the begin- 
ning of Devonian sedimentation, did not affect the southern 
portion of the State, where they lie nearly horizontal, and are 
conformable with the Devonian rocks. North of the Ohio 
river eighty miles the Niagara rocks are slightly unconforma- 
ble with the Devonian,+ but nearly horizontal. The Devonian 
rocks have not been observed in contact with the Niagara in 
Hamilton county, but it is very probable that they are uncon- 
formable as they have been shown to be further north in the 


Wabash valley.t 


U. S. Geol. Survey, 
New Haven, Conn., June, 1902. 


* 25th Ann. Rep. Dept. Geol. and Nat. Res., Ind., p. 559. 
+ Kindle, 25th Ann. Rept. Dept. Geol. Nat. Hist., Ind., plate 16. 


t Ibid., p. 562. 


A 


CO. Barus— Velocity and Structure of the Nucleus. 225 


Art. XXVII.— On the Velocity and the Structure of the 
Nucleus ; by C. Barus. 


1. Nucleation produced by shaking and its velocity.—Table 
I contains the results for the absorption velocity, 4, of nuclei 
shaken out of dilute solutions. he data were obtained by 
measuring the condensational coronas in a spherical vessel 
(diameter, 22 = 30™) in the lapse of time. If the loss of 
nuclei be regarded as taking place at the walls of the vessel 
and to constitute a drain on the whole nucleation (m particles 
per cub. cm.) which moves radially outward at the rate 4, then 
the equation* n= n,e—**/F may be assumed. The time 
elapsed, ¢, is usually given in minutes. To deduce from & the 
velocity of the nucleus, «, I have for the present regarded it 
as sufficient to multiply by 6 or preferably by 15/7, so that 
«=5:1k. The concentration, c, is given in per cents or 
grams of dry salt in 100° ™ of solution. It is essential that 
a definite bulk (usually 500° °™) be used throughout, if the 
data are to be at once comparable. 


TaBLE I.—Nuclei shaken out of solutions by 10 jerks. Bulk of solution 
3kt/R. 


usually 500°, Nucleation, n =o R= 15, 
Concen- Nuclea- Absorption Nuclear 
Solvent. Solute. tration, c. tion,n. velocity, k. velocity, x. 
em/min. em/min. 
Water Water 0 32 1°5 7°6 
85 6°7 34° 


26 9°4 48° 


Water HCl 


for) 
bo 
or 
w 
or 


Water H,SO, 

130 07 36 
Water NaCl 2 175 01 05 
Water CaCl, 2 240 "04 20 
1 240 
(double bulk) 1 460 "04+ 20 
Water FeCl, 2 230 rs. 
5 180 
Water Fe3NO, 1-2 175 03 15 
12 160 03 15 
Water AI3NO, 1°2 200 07 36 


Water Ca2NO, 


* This Journal (4), xiii, pp. 91, 94, 1902. 
+ Note the doubled n and single k. 


5 160 06 "30 

005 140 "02 10 

20 

014 90 02 10 

‘0014 60 ‘10 51 
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TaBLE I (continued). 
Concen- Nuclea- Absorption Nuclear 


Solvent. Solute. tration, c. tion,n. velocity,k. velocity, x. 
% em/min. cm/min. 
Water Ca2NO, 00014 60 1°4 71 
Water Alum 1°5 200 05 25 
(dry) 015 90 56 
Water Na,SO, 9 450 07 "36 
“009 110 12 61 
00009 50 21 11° 
Water H,NNO, 2 190 ce" 15 
129 “42 56 
Water K,SO, 2 280 06 31 
02 140 07 36 
Water Na,PO, 195 06 31 


Sucrose 


Water 


Water Glucose 


Water Glycerin 


Water Urea 
‘Water Alcohol 


Tartaric 
acid 


Water 


Benzol Naphtha- 2 90* "04 
lene 02 90 ‘03 15 


Benzol _Paraftine 
Benzine none os 72 "16 
2. Remarks on the data.—The main deductions from these 
tables have been briefly given elsewhere+ and need not there- 
fore be detailed here. Great caution is necessary because of 
the inevitable irregularities of the results. The dependence of 
the nucleation, m, on the concentration ¢, agrees fairly well 
with the equation, 2 = ,+A/(log(B/c)), where A and B are 
constants. Hence in making comparisons, it will be con- 
venient to refer all data to the logarithmic concentration, log 
ec, from the peculiar character of the results. In a general 
way the number of nuclei evolved, caet. par., depends on the 
mass of solute dissolved per cub. cm., and for 1 per cent solu- 
tions is within rather narrow limits independent of the saline 
*These data are computed as if the solvent were water. They are thus 
partly relative. The data needed to find n for benzol are not consistently 
forthcoming. 
+ Science, xv, pp. 912-914, 1902. { alas 


x 


160 13 66 
ag 02 51 19 97 
16 150 14 “71 
"+016 50 
026 50 12° 
0 55 4°8 24° 
| 1°6 43 1°8 9° 
2 130 ‘10 
02 100 “02 10 
"0002 95 1°0 
none 80 "02 10 
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or acid solute taken. For neutral organic solutes, the number, 
n, is little more than half as large. This seems then to be in 
the nature of a class distinction. Pressure decrements of less 
than 2™ suffice to precipitate the nuclei; but for the small 
supersaturations, the greater number re-evaporate to the nuclear 
stage and many exhaustions are needed to throw them out. 
For the high degrees of supersaturation all nuclei are precipi- 
tated at once. The number of nuclei generated depends on 
the bulk of solution shaken and on the intensity of the agita- 
tion. Hence they seem to arise in the solution itself and not 
by friction with the walls of the vessel. The attempt to find 
a limiting number has not yet been successful. Incidental 
conditions which have not all been traced to their source seem 
to have considerable influence on n. 

3. Persistence of nuclei.—A comparison of the data for n 
and those of & for the same concentration shows that for the 
same solution m decreases with log ¢ while & increases with log 
c, the arena of greatest variation being the very dilute solu- 
tions which merge into water. Usually the growth of & con- 
tinues even after the decrease of » has appreciably subsided. 
Corresponding to the greater n which characterizes the saline 
solutes as compared with the neutral organic solutes, the veloci- 
ties of the nuclei of the latter are greater than those of the 
former, under otherwise like conditions. Nuclei with neutral 
organic solutes in water are less persistent. Extreme per- 
sistence may be obtained with the volatile hydrocarbon sol- 
vents with an appropriate solute, like benzol-paraftine, and 
often the solute seems to be spontaneously nuclei-producing, 
like benzol-naphthalene. In general persistence for a given 
nucleus is a question of the mass dissolved per cub. em. of the 
solution ; but cases like water-tartaric acid occur in which a 
low order of nucleation, m, is associated with exceptional per- 
sistence, or low values of k. 

4. Structure of the nucleus.—From experiments like the 
present I recently came to the conclusion that all condensation 
nuclei are concentrated solutions; that the increment of vapor 
ie ig due to increasing convexity is eventually, but slightly 

efore molecular diameters are reached, compensated by a 
decrement of vapor pressure due either to concentration* or 
to electric charge.t The latter case is interesting inasmuch as 
the nuclei are just about large enough that a single electron 
spread out over the surface would suffice to equilibratet the 
increment of vapor pressure due to surface tension. The con- 
centration hypothesis is more straightforward and requires 


* Science, xv, pp. 912-914, 1902. 
+ This Journai (4), xiii, pp. 400-402, 1902 ; ibid., p. 473. 
¢ This Journal (4), xiii, p. 473, 1902. 


Am. Jour. Sci1.—FourtH Series, Vout. XIV, No. 81.—SEpTemBER, 1902. 
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less imagination, and it will therefore be chiefly referred to in 
the following discussion. The nucleus is to be regarded small 
enough that it is not symmetrically bombarded S the mole- 
cules of vapor. Hence its velocity is conceived to be increas- 
ingly larger as it is smaller, i. e., as the conditions favorable to 
non-symmetrical bombardment increase. If too large it will 
be stationary, apart from gravity ; if small enough, it must 
eventually acquire the molecular velocities themselves. 

5. The relations of equilibrium here involved are peculiar 
and need a more detailed elucidation. If vapor pressure 
increases with increasing convexity, for capillary reasons, but 
eventually decreases again as a result of the concentration 
1 


Ww 


reached on evaporation, to a value nearly zero or at least below 
the normal vapor pressure at a flat surface, it follows that as 
the size of the drop continually decreases the vapor pressure 
at its surface must pass through a maximum. The accompany- 
ing diagram* is an attempt to represent the case graphically for 
two given solutions, by making the vapor pressures the ordi- 
nates, and the radii of the given droplet of solution the 
abscissas. The line ad indicates the normal vapor pressures. 
All particles whose sizes taken from the curve bm’s’ correspond 
to the abscissas between s’ and / therefore evaporate in the 
lapse of time, those lying near the maximum, m’, fastest, those 
lying near s’ or 6 with proportionate slowness, while the latter 
are also lost by subsidence and may be dismissed from con- 
sideration. On the other hand, a particle whose radius is 
smaller than the abscissa corresponding to s’ will grow so that 
as’ is the stable radius of the nucleus obtained by shaking the 
given dilute solution. 

If the solution is weaker, the droplet shaken out of it will 
have to evaporate further to reach the critical density of the 
stable nuclear state, and the increment of vapor pressure due 
to surface tension will also be larger or the maximum, m, will 
be higher. The curve bms now represents the conditions and 
is to be similarly interpreted. 


* The two curves should have been drawn preferably without intersecting. 


‘ 
radius 
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If the solvent is pure or contains only a trace of solute, the 
nucleus will vanish completely, or else the particle left may be 
too small to serve as a condensation nucleus for a given pres- 
sure decrement of exhaustion. The size after the lapse of 
time depends on the fixed quantity of salt originally entrapped. 

If the vapor is not quite saturated, the chances for evapora- 
tion will be enhanced. The line ad will be correspondingly 
lowered, but equilibrium may result for a smaller size of 
nucleus, until eventually the solid saline residue of the nucleus 
alone is left. In so far as these concentration nuclei occur in 
the atmosphere, one is justified in concluding that their size 
(apart from the effects of temperature and barometric pressure 
on surface tension and vapor density*) will increase under 
mean atmospheric conditions as they are suspended at higher 
distances above the earth’s surface, until the levels of perpetual 
saturation are invaded. 

6. There is one outstanding question relating to the time 
losses which must now be considered. These coefficients, 
dn/dt, are much smaller for concentrated than for weak solu- 
tions. This observation was referred to the diffusion of the 
nucleus and its absorption at the walls of the vessel with dif- 
ferent velocities, k. The diagram shows, however, that near 
the points s there must be retarded evaporation for all parti- 
cles, because of the small differences of vapor pressure remain- 
ing. Hence the persistence of nuclei shaken out of solutions 
might be ascribed to this effect. True, no reason is evident why 
stronger solutions should differ from weak solutions in their rela- 
tive time losses, d log n/dt. Referring to Table 1 again, solu- 
tions of CaCl,, H,SO,, which can not dry in a saturated atmos- 

here, are seen to show nothing exceptional in their behavior. 

t may be computed that the stable nucleus is, in this case, not 
even very concentrated. Special experiments are nevertheless 
needed to clear up the matter, and they must be so devised as 
to give direct evidence of the occurrence of diffusion or motion 
of nuclei, and the value of its amount. If this is large enough 
to be compatible with the data for & in this chapter, then the 
hypothesis of retarded evaporation may be dismissed. 

ft is with this end in view that the experiments of the next 
table are contrived and the results show that the motion of the 
phosphorus nucleus, as actually observed, is considerably faster 
than the average case computed for the nuclei in the present 
chapter, and consequently the interpretation here accepted is 
corroborated. 

7. Motion of nuclei directly observed.—Table II shows the 
velocity of the nuclei as found directly in a tower-like receiver 
1 meter high, into the bottom of which the nuclei have been 
introduced. The height of the fog bank, «’, seen on exhaustion 


* Note that temperature and elevation produce opposed effects. 


> 
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after the lapse of a definite number of minutes, give the 
velocity sought at once, after correcting for the instantaneous 
elevation of the plane of demarcation due to the withdrawal of 
non-nucleated air from the top of the apparatus. The table 
gives the raga? oi of pressures after and before exhaustion, 
respectively. The experiments are very trying, chiefly because 
of the difficulty of finding the initial position (time ¢ = 0) of 
the plane of demarcation between clean and nucleated air. For 
this reason I will also give the height of the fog bank seen on 
exhaustion after 50 minutes. The table shows that incidental 
conditions (whether the inflowing filtered air be quite dry or 
not, ete.), often very subtle, largely influence the results, but a 
detailed explanation, for which there is no room here, must be 
given elsewhere. 


TaBLE II.—Apparent and corrected rates of motion («' and x) of phosphorus 
nuclei in different saturated vapors. 


Height of 

Pressure- fog bank 

ratio. Vapor. Apparatus, etc. «x10. after 50™. 

em/min. cm/min. cm. 

83 Benzol Tower 75 61 42 
‘78 Toluol Globe 80 62 40 
“90 Tower 43 39 21 
83 Acetone Tower 58 48 32 
“dle ve Initial rate 75 62 38 
* Amyl Tower, initial ; 100 83 51 
38 Alcohol apparent 75 62 46 
” Ethyl Tower 106 88 62 
° Alcohol Dried air 72 60 51 
s Methyl Tower 24 20 29 
s i Alcohol Dried air 64 53 42 


Water Estimated* 10,000 8300 


8. General comparison of nuclear velocities.—It will now 
be opportune to make a comparison of all the nuclear veloci- 
ties made in widely different experiments throughout my 
work. I will begin with the results of my first memoirt on 
the subject, in which the velocities of phosphorus nuclei in 
ordinary atmospheric air were studied both by mechanical 
methods (steam jet and absorption tubes), and by the electrical 
condenser methods. The mean value of k = 18 em./min. may 
be taken. Hence in air, « = 90 cm./min., nearly. The num- 
ber of particles was of the order of m = 10* per cub. em. of air. 

In more recent experiments and by a methodt of comparing 

* Rise or fall of the strands or fog filaments. 

+Experiments with Ionized Air; Smithsonian Contributions, pp. 1-93, 


1901. 
¢ This Journal (4), xiii, p. 92, 1902. 
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coronas of different orders, for phosphorus and other nuclei, 
present in saturated water vapor to the average extent of 10° 

r cub. cm., the value & = *1 cm./min. was ascertained. This 
is equivalent to «= °*5 cm./min., in air saturated with water 
vapor. 

his datum may now be compared with the diffusion veloci- 
ties of Table II of this chapter, in which fresh phosphorus 
and other nuclei were used, densely distributed and tested in a 
variety of vapors, alcoholic, hydrocarbon, etc. The usual 
values of diffusion velocity lie between « = ‘5 cm./min. and 
‘9 cm./min., being thus of the order of the preceding case. 
Water vapor itself did not admit of measurement. The value 
estimated from the filamentary advance immediately after the 
nuclei enter, 80 cm./min., agrees more closely with the case for 
atmospheric air at the beginning of the paragraph. As stated 
elsewhere, there is much in the behavior of water which is 
left unexplained. When the nuclei are first introduced into 
the mixture of air and saturated water vapor, the air effect 
does not seem to be negligible. , 

Finally the experiments on the evanescence of the nuclei 
produced by shaking solutions lead to a series of values of & 
as follows. A few hundred nuclei per cub. cm. were usually 
present after shaking the solutions, and less than 50 (usually) 
after shaking pure water. 

For the as solutions of 1-3 per cent, of ‘01 per cent and 
of -0001 per cent, respectively, « = ‘25, ‘40, and 10. For pure 
water « = 25 or even 50. 

For aqueous solutions of solid neutral organic solutes of 1-3 
per cent, and -01 per cent, « = 8, and 3, respectively. The 
acid organic solutes like tartaric acid seem to behave quite 
differently. The solutions of this body of 2 per cent, ‘02 per 
cent and 0002 per cent, showed diffusion velocities of « = ‘1, 
‘1, and 1-0, respectively, thus evidencing uniformly greater 
persistence of nucleation than even the saline bodies. 

For neutral liquid organic solutes in aqueous solution of 1-3 
oe cent and ‘01 per cent «=6and12. Nuclei from these 

dies are thus very fleeting. 

Finally for hydrocarbon solution of solid hydrocarbons of 
1-3 per cent, « = ‘10 or ‘20, not differing much in persistence, 
etc., from the salt solutions. 

The total range found for the diffusion velocity of nuclei 
song by idling solutions of less than 3 per cent is thus 
rom «= to 50 cm./min., increasing with the degree of 
dilution of the solution, the largest value cited (pure water) 
closely approaching the datum for phosphorus nuclei in atmos- 
pheric air, « = 90 cm./min. 

These variations of the velocity of the nuclei produced by 
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shaking and its relation to the order of values found in the 
direct experiments with phosphorus nuclei given in Table II, 
is accounted for by the thermodynamic hypothesis for their 
occurrence, which makes them particles of concentrated solu- 
tion. The size of the nucleus for a given solvent depends 
essentially on the extremely small mass of solute which it hap- 
pens to contain. It is larger when shaken from the more 
concentrated dilute solutions than from the weaker solutions, 
because the critical density is reached in the former case with 
less evaporation and the capillary increment of vapor pressure 
to be compensated is at the same time smaller. 

Thus it is quite reasonable to suppose that the nucleus 
obtained from phosphorus or other emanations will be smaller 
and therefore more mobile than the nucleus shaken out of the 
more concentrated dilute solutions, but not so small in general 
as the nuclei shaken out of pure water or any. other pure sol- 
vent, in which the amount of solute is an actually vanishing 
—, To carry out this comparison one should eliminate 
the peculiar features of water and use the same neutral solvent 
in both cases: but if the above results for benzol in Tables I 
and II are brought together, the same inferences follow. 

9. Conclusion.— Among the tenable hypotheses, each of 
which has some peculiarity in its favor, the above paragraphs 
are believed to sustain the inference that condensation nuclei 
in a nearly saturated medium are concentrated solutions. In 
proportion as the medium is less saturated, they may pass into 
the dry solute if such a one is present. The conditions of 
equilibrium which are supposed to intervene are given in § 5. 
Evidences in favor of this point of view are varied. In the 
first place the velocity and hevefore the size of the nucleus, no 
matter of what origin, varies with the medium in which it is 
suspended or is generated. Two mechanical suggestions may 
be offered in explanation: either the nucleus condenses. more 
or less vapor spontaneously as assumed above, or the nuclei 
themselves cohere into greater or smaller clusters, depending 
on the medium. I pointed out that the latter case calls to 
mind the suspension of clays, ete., in water or other liquids. 
The endeavor to refer the differences to specific inductive 
capacity or to the ionizing properties of the liquids breaks 
down with such solvents as acetone. 

Of all the nuclei tested, those produced by shaking seemed 
to be simplest as to their origin and therefore best adapted to 
throw light on the subject. At first sight such a nucleus 
should be the dry residue left after evaporation ; but the efti- 
ciency of gaseous solutes like HCl, etc., shows that a solid 
solute is not necessary. In view of the astonishingly small 
quantity of solute which suffices to produce persistence, how- 
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ever, it is a question whether the total absence of solid solute 
in experiments with acid solutions can be guaranteed. The 
next evidence is perhaps better; if it were a mere question of 
fixed residue, then the neutral organic solutes like the sugars, 
urea, glycerine, etc., should be quite as effective in producing 

ersistént nuclei as the saline solutes. Table I shows that this 
is not the case. Finally since the pressure decrement of much 
less than 2° of mercury produces precipitation, the vapor pres- 
sure excess at the surface of the nucleus is small, and quite 
within the limits of reduction produced by solution. The 
evidence from hygroscopic bodies in which dry residues are 
out of the question, has already been given. § 6. 

Turning now to the electrical point of view, one notices at 
the outset a marked similarity in the trend of the above results 
to the researches of Lenard* on the electricity produced by 
waterfalls and jets. He showed that pure water when prop- 
erly comminuted by spraying was made electrically positive 
while the surrounding air became electrically negative, that 
these charges originated in the liquid in contact with air and 
could be indefinitely increased with the intensity with which 
the spray was projected against a solid obstacle. This is in 
harmony with the conditions for producing the above nuclei. 
Again, the electric manifestations stated for pure water were 
totally changed in character by the addition of mere traces of 
solute to the water. Thus in case of dilute salt solutions the 
liquid on comminution became negatively charged, and the air 
positively charged. As little as 005 per cent of salt was 
sufficient to nearly wipe out the water effect. This then is 
quite similar to the conditions of persistence of nuclei instanced 
in the above tables. , 

Lenard’s explanation is in terms of the “ Doppelschicht,” 
which for pure water is conceived to be negative outward, and 
for aqueous solutions and other bodies usually positive out- 
ward, and due purely to voltaic contact. If this view is cor- 
rect, i.e., if air in contact with pure water is invariably 
negative by contact action no matter whether the surface is 
plane or markedly convex, and if air in contact with salt solu- 
tions is invariably positive, the solution being negative, then it 
is the negatively charged nucleus (solution) which persists and 
the positively charged nucleus (pure water) which is fleeting 
or virtually non-existent. It follows, therefore, that condensa- 
tion with subsidence is equivalent to a removal of negative 
electricity provided the air charge is not simultaneously 
removed, § 5. 


Brown University, Providence, R. I. 
* Lenard, Wied. Ann., xlvi, pp. 584-636, 1892. 
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Art. XX VIII.—Wote on Corundum and a Graphitie Exssonite 
Jrom Barkhamsted, Connecticut ; by B. K. Emerson. 


SoME years ago I received from Mr. W. E. Manchester of 
Pleasant Valley in Barkhamsted who is well acquainted with 
the mineralogy of the region, a large block of a heavy bluish 
black rock which proves to be corundum, and several speci- 
mens of a very peculiar large garnet which are penetrated by 
quite thick sheets of graphite. E 

The accompanying rock, which seems to be the country rock 
and which occupies a large area, is a coarse mica schist, which 
in a northwest direction for two miles abounds in smaller 
garnets 2-5™™ across, of red color, accompanied by dark red- 
dish brown staurolite crystals an inch across, and also cyanite in 
blackish crisscrossed blades an inch wide and two inches long. 
Near where the cyanite occurs there comes in above it a fibro- 
litie gneiss which I have, farther north, associated with the 
Algonkian. This latter rock contains layers, an inch thick ; of a 
compact or finely fibrous fibrolite (faserkiesel) containing many 
large grains of magnetite. The mineral proves under the 
microscope to be made up of almost pure matted fibrolite 
needles. 

Garnet.—The remarkable garnets occur in well-formed dode- 
cahedrons above two inches in diameter and extend over a broad 
area forming a very coarse continuous drusy surface, some crys- 
tals rising so as to show almost all their faces, others fused into 
large groups which rise several inches above the surface of attach- 
ment. They do not, however, present the aspect of crystals which 
have grown freely into a cavity, since the faces-are not pol- 
ished and continuous but rather dull and often deeply exca- 
vated with deep and irregular cavities from which some mineral 
has been removed by solution. In the least weathered crystals 
there are still large grains of included calcite visible, and we 
may assume that the mineral which has been removed from 
the depressions was calcite, that the whole broad surface of 
- crystals has grown from a base of mica schist up into a 

ed of crystalline limestone, which has been removed by solu- 
tion from the surface of the crystals. 

The character of the crystals agrees with this derivation. 
They are pale honey-yellow to almost colorless, agreeing in 
tint and general appearance closely with the crystals aon 
Gatineau, Canada, except that they are simple dodecahedrons, 
are much larger and lack the polished faces, though this may be 
due to a subsequent weathering. They are doubtless a quite 
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pure essonite. Because of this weathering they have now a 
dull gray and unattractive appearance, and this is increased by 
the fact that about half the surface of each crystal face is occu- 
pied bya dull black minerai in irregular blotches, arranged in 
a somewhat pegmatitic way. This sometimes increases in 
amount so as to occupy almost the whole surface of each 
face of the large crystals, and these faces are then irregular, 
and in the great mass of aggregated crystals where this is car- 
ried to the extreme it is continued up to a rather sharp plane 
beyond which the crystals are quite free from the black min- 
eral, and this plane passes through the middle of the largest 
crystals. 

In a section cut through a crystal where the surface was 
almost all black, the ank color disappeared rather suddenly 
about half an inch from the surface, but the dark mineral 
penetrated in narrow wedge-like plates far into the compara- 
tively pure garnet. 

The mineral is a pure soft graphite, especially in the wedge- 
like projections last mentioned, or a very fine granular mix- 
ture of graphite and garnet over the gray areas. 

When a fractured surface on a slide is examined with a lens 
it has nowhere a homogeneous or crystalline appearance, but 
looks more like a fine-grained white aplite, and this character 
is maintained under the microscope which shows a brightly 
polarizing mosaic in which one can, with difficulty, detect here 
and there a nonpolarizing grain of garnet. 

Large grains or phenocrysts of twinned calcite are very 
abundant, and the rest of the field is mostly made up of large 
feathery aggregates of coarse columnar wollastonite, full of 
minute blebs of quartz and quite large anhedra of diopside. 

It is remarkable that a large well-formed crystals have 
so small a fraction of garnet in their composition. It is only 
at the surface that a thin Jayer of nearly pure garnet can be 
found. 

Corundum.—The corundum block is from a very pure bed 
about two and a half inches thick, with the glistening luster of 
the Ceylon massive emery. It is a dark blue over most of its 
surface with small irregular patches of pistachio-green. 

The specific gravity of the rock is 3°64. It scratches topaz. 

Under the microscope the rock is made up of stout colorless 
grains two to four times as long as wide, with straight, dis- 
tinet, almost cubical fracture lines. 

These grains have a very low polarizing color, gray to white 
of the first order. They have a much higher id ss of refrac- 
= than the cyanite which is scattered in them, in porphyritic 
plates. 
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The cyanite is in rather square blades with good cleavage 
and basal parting and around its borders has broken up into an 
alteration product. 

The whole field is filled with coaly matter in trains, aggre- 
gates and groups of round balls which often occupy the center 
of the corundum grains. This carbonaceous matter has plainly 
been introduced in an oily or tarry condition and has been 
inspissated in place, and the abundant graphitic matter in the 
garnet gives indication of the same origin. 


Amherst College, Amherst, Mass. 
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Just out: 


THE NEW PENPIELD COLLECTION OF CRYSTAL-MODELS 


225 models to illustrate Chapter V of the 


Brush-Penfield Determinative Mineralogy and Blowpipe Analysis. 


“ A feature of the collection is that with only a few exceptions the models rep- 
resent prominent types or habits of common minerals, . . . The models, moreover, 
illustrate a very important feature of crystals, namely that the forms which are 
prominent and determine the crystal habit are, with few exceptions, those to 
which simple indices may be assigned. 

_ “Tt is certain that those who are studying crystallography will find it a great 
advantage to have at hand not only models which correspond to a standard text, 
but, also, types which have been carefully selected as representatives of the 
important classes of crystals in the mineral kingdom.”—Samvuet L. PENFIELD. 


New HAVEN, Conn., February 1, 1901. 
Collection of 225 models (of pear-tree wood), . ‘ ° 230 Marks. 


Now ready: 


The new collection of 335 specimens and sections 
of rocks, 


according to 


H. Rosenbusch: Elemente der Gesteinslehre, 2d ed., 1901, 


Accompanied by a text-book: ‘ Petrographisches Praktikum,” giving a short 
description of the petrographical microscope and how to use it, and also of the 
macroscopical and microscopical features of all the specimens of this collection; 
Arranged by Prof. Dr. K. Busz of Miinster i. W. 

This collection is intended for the practical use of students and contains typical 
representatives of all important types of rocks, massive as well as sedimentary 
and crystalline schists. Aided by the text-book it will be found easy to become 
acquainted with the use of the microscope, with the features exhibited by rock- 
forming minerals and with determination of the latter. 

Out of this collection two smaller ones have been arranged of 250 and 165 
specimens respectively : 


Collection I. 335 specimens of rocks, . é ° . 380 Marks. 
Is, 335 thin sections, ‘ 420 
IL. 250 specimens of rocks, . ‘ 270 
III. 165 specimens of rocks, . 
Collections of Minerals, Fossils, Meteorites purchased for cash or 
exchanged. 


DR. KRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 


ESTABLISHED 1833. ESTABLISHED 1833. 


Dynamical and Structural Geology 


A few of the more important and showy forms recently received in this 
department are: 


ORBICULAR GRANITE. 


Kortfors, Sweden. Of this interesting rock we have but three specimens on 
hand. The concretions are mainly hornblende imbedded in a coarse-grained 
light colored granite, making a strong contrast between the matrix and the con- 
cretions, the latter being from 24 to 3 inches in diameter ; polished slab 8 x 19 in. 
in diameter, $20.00; larger, $22.00 and $30.00. 

Kangasniemi, Finland. In this rock the concretions are light colored sur- 
rounded by bands of hornblende, the compactness of the concretion forming a 
strong contrast to the coarse crystalline structure of the matrix. The concre- 
tions range from 4 to 6 inchesin diameter, Specimens from $6.00 to $30.00. 

_Quonochontaug, Rhode Island. This is the only Orbicular Granite we 
have ever seen from America. The concretions are mainly hornblende with 
granite centers intermediate in color between the above two, and average from 
1 to 2% inches in diameter; polished slices from $6.00 to $13.00. 

Orbicular Diorite (Napoleonite, Corsite). This well-known rock is now 
quite rare. The concretions, consisting of Anorthite, Hornblende and some 
Quartz, are comparatively uniform in size, averaging about 1} inches in diameter ; 
magnificently polished slabs of this rare rock from $4.00 to $15.00. 

The above four rocks present a fine suite of concretionary structure as dis- 
played in eruptive rocks; tracings of slices with size and position of concretions 
sent on application. 

FAULTED SANDSTONE. 


Hot Springs, S. D. We have a few specimens of this beautiful sandstone 
consisting of narrow layers ranging in color from light yellow to dark purple, 
showing in some instances from 3 to 10 distinct faults on same slab. 

Slabs from $1.00 to $3.50. 


TRAP DIKES IN GRANITE. 


Norway, Maine. A fine suite of these either in polished slabs or the rough 
masses, some showing single dikes, others showing two dikes on same slab from 
a fraction of an inch to 24 inches in diameter; 50c. to $15.00. 

Three polished slices showing crossed dikes, with a fault at contact of the two 
dikes, $6.00 to $8.00. 


METAMORPHISM. 


Blue Pyroxene partially changed to Serpentine, from Gila River, N. M., the 
centers of these polished slabs being a light azure blue pyroxene with its edges 
changed to a translucent rich colored Serpentine, a beautiful combination of color. 
We have but a half-dozen slices of this rare rock on hand. $3.50 to $6.00. 


PHENOMENAL SERIES OF ROCKS. 


We have just compiled a collection consisting of 83 specimens illustrating 
Dynamical and Structural Geology, specimens averaging 3x4 inches. Price, 
$45.00. 

This collection is accompanied by a descriptive catalogue describing the various 
phenomena as represented in the collection. 

Circulars on application. 


Warps Naturat Science EstaBiisHMENT 
76-104 COLLEGE AVE., ROCHESTER, N. Y. 


For rapidly and THE TUCKER APPARATUS No escape of air. 


curatel 
Patented COz2 determined 
determining Jan. ist, 1901 ce 
Ash and removing ash. 
Volatile 
Ingredients Literature on 


application. 


This is only one 
of the many 
forms of Plati- 
num Apparatus 
made by us. 

Our “Data Con- 
cerning Plati- 
num, Ete.,” 
describes others, 
and is sent on 
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Let us know if 

you wish 
a anything made of 
Platinum. All 


A few of its 
advantages $ 
Uniform, rapid, 


charring, com- 
plete combustion. 


All gaseous 
products saved. 


A sure supply 
of air. 


¢ No washing out of of o k 
volatile substan- ham 
ces necessary, guaranteed. 


BAKER & CO., 410 R. R. Ave., NEWARK, N. J. 
N. Y. OFFICE, 120 LIBERTY STREET 
Sole M’frs. of Howard Density Regulator, Shimer Crucible, and Tucker Apparatus, 


DANA’S WORKS. 


AMERICAN BooK Co., New York.—Manual of Geology, by J. D. Dana. Fourth 
Bdition, 1895. 1088 pp. 8vo. $5.00.—Text-book of Geology by the same. 
5th ed. revised by Wm. North Rice, 1898. 482 pp. 8vo. $2.00.—The Geo- 
logical Story Briefly Told, by the same. 264 pp. 12mo. 

J. Witzy & Sons, New York.—System of Mineralogy of J. D. Dana. 6th 
edit. by Epwarp Dana. I xiii, 1134 pp. large 8vo., 1892. $12.50. Appen- 
dix I, 75 pp., June 1899.. $1.00. 5th edit., 1868, with three appendices, 
1872, 1875, 1882. $5.00.—Manual of Mineralogy & Lithology, by J. D. 
Dana. 4th edition. 517 pp. 12mo., 1887, $2.00.—Text-book of Mineral- 
ogy, by E.S. Dana. Revised edition. 593 pp. 8vo., 1898, $4.00.—Minerals 
and How to study them; a book for beginners in Mineralogy, by E. 8. 
Dana. 380 pp. 12mo., 1895, $1.50.—Text-book of Blementary Mechan- 
ics, by E. S. Dana. 300 pp. with numerous cuts, 12mo., 1881. 

Dopp & Mgeap, New York.—Corals and Coral Islands, by J.D. Dana. 440 pp. 
8vo. 3d ed., 1890.—Characteristics of Volcanoes, with contributions of 
facts and principles from the Hawaiian Islands, by J. D. Dana. 399 pp. 8vo. 

With illustrations, maps, etc. 1890. 
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